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The study was accompli shed in two phases. Phase I included parametric
design and a.nd analysis of transports in the payload/range categories
cited above. An advanced technology review , including evaluations and
sensitivity analyses , was accomplished . These studies indicated that
substantial gains were possible in reducing operating costs by incor-
porating both the low risk technology and innovative design s available
in 1985, and advanced technology such as composite structures available
at a later time . Additional effort is required to identify this
increased cost of higher risk advanced technology to determine its
cost effectiveness.

In Phase II , a baseline mission requiring 3600 nm radius and 400,000 lb.
payl oad was selected . No difficulties were encountered in developing
a confi guration which~inet these requirements , utilizing 1 985 technology .
Fuselage design , wing de~tgn including aeroelasticity , ar1d landing gear
were examined in detail. Airplane takeoff gross weight was 1.5 million
pounds.

The infl uence of fuel costs on design was examined and found to have
littl e influence on the optimum configuration. However , i ncreases i n
fuel cost did significantly increase life cycle cost.

The application of a commercial derivative to a commercial market seems to
be attractive , if the market is strong. However , the long design ranges
imposed by this study mission requirement imposes significant penalties
in DOC.

Al ternate military missions appear to be a reasonabl e extension of
capability for a basic airplane design configured as a logistics transport .
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Summary

• Benefits of advanced technology and design are substantial
• High risk
•Lo w risk

• Size does not impact design comp lexity
• Fuel costs do not drive design
• Corn me rd al derivative feasible

• Design range excessive
• Size compatible

• Alternate missions compatible
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SUMMA RY

The parametric design , technology evaluation , and sensitivity analysis performed

in the study indicated that substantial gains can be made in reducing opera-

tional costs , such as fuel , by incorporating both the low risk technology and

innovative designs availabl e in 1985, and advanced technologies , such as

advanced composite structures available at a later time. Additional effort

is needed to identify the increased cost of the higher risk advanced technology

to better evaluate its cost effectiveness.

The baseline mission , 3,600 nrn i radius wi th 400,000 pounds payload , resulted

in a design which had a gross weight of 1.5 mi llion pounds. No difficulties

were experienced in establishing a configuration or design which could meet

these mission requirements-, utilizing a technology base of 1985. Fuselage ,

design , wing design and aeroelasticity and landing gear desi gn were examined

in detail.

The i nfl uence of fuel costs on design was examined and found to have littl e

influence on the optimum configuration. However, increases in fuel cost did

significantly increase life cycle cost.

the application of a commercial derivative to a commercial market seems to be

attractive, if the market is strong . However , the long design ranges imposed

by this study mission requirement imposes signi ficant penalties in DOC.

The use in alternate roles of a design configured as a transport appears to

be a reasonable extension of the capability of the transport design .
iv
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Task II study objectives

• Define most cost effective logistics
aircraft configurations

• Id entify high leverage technol ogies
1985 base ; 1995 advanced

• Secondary missions

• Mission /techno Logy sensitivity

• Examine commercial commonality

Figure 1- ~ . Study Objectives
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1.0.0 INTRODUCTION

The Innovative Aircraft Design Study is an effort sponsored by the Aero-

nautical Systems Division , Deputy for Development Plannin g (ASDXR) United

Sta tes A ir Force , which has as its purpose the identification of mission

requirements , conceptual aircraft design and technological innovations lead-

ing to a new family of logistics transports .

The study consists of three tasks ; requirement , desiqn and evaluation. Task

II , Design , is further divided into two subtasks ; chemically powered desiqns

and nuclear powered desi gns . This report describes the work accomplished

under subtask I , chemically fuel ed designs. The objectives of the study are

shown in Fi gure 1-1 . :

The objectives of the study were to identif y the most cost effective

logistics aircraft configurations with emphasis given to the application of

the design to other military missions and also to the commercial freight

market. It was also desired to assess those technologies which migh t be

available for the 1985 time frame and beyond and to determine their contribution V

to the system effectiveness. V The secondary missions which were to be con-

sidered were strategic offensive , tactical and command , con trol and communi-

cation , with the intent being to show that a procurement larger than that

needed for the logistics mission is feasible.

It was also of interest to show the sensitivity of a baseline design to

offdesign variations in mission characteristics such as range, pay load and

field length.
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Considerable mention has been made , Reference 1 , of the application of

commercial airl i ft to fulfill the surge requirement for the Military Airlift

Command . It was of particular interest to attempt to evaluate the attract ive-

ness of a commercial de r iva t ive  of an advanced  military transport in fulfilling

a commercial freight market need , as a means of increasing the buy , reducing

the u n i t  cost , and providing a surge capability through CRAF— like arrangements.

The study was organized into two phases separated by a decision milestone which

identified the baseline mission , Fi gure 1— 2. Phase I consisted of a para-

metric design effort to examine the broad implications of the range of study

conditions which were specified . Concurrently , in Phase I , the technologies

applicabl e to advanced transport design were being evaluated . V

I 1978 1977

I .JUL 1 AUG I S E P I O CT I NOV
~~OEC JAN ( FEB

PHASE I PHASE II V

EXAMINE PRELIM CONFIGURATION CONCEPTS till//Il

SELECT INNOVATIVE CONCEPTS V 7/29 
~~~~ MISS ON

DETERMINE COMM’L AND SEC MISSION IMPACTS ti/i//IA

GENERATE OPT CONFIGURATION MATR IX V/Ill//Il l

SELECT REF CONFIGURATION v 10/11
PRELIM DESIGN OF REF CONFIGURATION riiiii iiiii ziiijiii V

PERFORM TECHNOLOGY EVALUATION [I/il/ll///l///i ~J

SELECT VALID TECHNOLOGIES V 10/11

PERFORM TECHNOLOG Y SENSITIVITY V//ll//ll//i f/IiJIflIII/I//IIl/IIA V

PERFORM MISSION SENSITIVITIES VI/Il/IlI//IIIIII A

DETERMINE LIFE CYCLE COSTS VJ/llll//I J/IIi/lI//llll/lIfiI/l /IIIJJILA

PERFORM COMM 1. AND SEC MISSION SEN Vu /h li//If Il//IA

WRITE FINAL REPORT

PRELIM INARY REPORT (.‘.~MPLET E 2114 V
PREPARE FINAL REPORT h / u / f / I
FINAL REPORT COMPLETE V 3/14
COORDINATION MEETINGS V 10/4 V11/28 V 2 3

LET1ER REPORTS V V V V V V
7/28 8/28 9/28 10/28 11/28 12/28

Figure 1-2 . Study P/an
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Following the mission selection , Phase II was initiated . Phase II was a

classical Preliminary Design effort in which the i nform a t i on generated in

Ph ase I , the design parameters, and the 1985 technology baseline , were used

as a basis upon which to select a Baseline Desi gn . That Basel i ne Desig n was

subjected to more detailed design analysis including structural analysis of

the wing, body and landing gear. The Baseline Design was also used as a

basis upon which to exami ne the technology and mission sensitivities and to

evaluate the alternate mission capabiliti es. The baseline design was validated

and cycled to confi rm the initial confi guration or instigate configuration

changes. The overall organization of the study consisting of three tasks is

shown in  Figure 1-3.

Task I I I , Evaluation , will be an in-depth eval uation of the capabilities

i d e n t i f i e d  in  Task II aga ins t  the requirements of Task I.

V 

lADS

I 1 _ _ _

TASK I TASK II T TASK I l l

REQUiREMENTS DESIGN 
J 

V LEVALUATION

BOOZ AL LEN 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

RAND

_ _ _ _ _ _  I -

SUBTASK I SUBTASKII
CHEMICAL FUEL NUCLEA R

BOEiNG LOCKHEED

Figure 1~3. Innovative Aircraft Design Study Organizational Outline
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2.0 Para metri c Design and Analysis Tasks

• General arrangement and reference baseline

• Design sensitivities
• 1985 technology baseline

• Parametric matrix definition

Figure 2-1. Parametric Design and Analys is Tasks
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2.1 .0 GENERA L DISCUSSION

The Parametri c Design and Analysis task , Figure 2-1 , was insti tuted as a

means of examining a broad basis of payloads and ranges wi th ~ihi ch to under-

stand the impact of mission parameters on maximum take off gross weigh: and

fuel utilization. A matrix of des i gn conditions wa~ des i red whicn ranged

from 200,000 lb to 600,000 lb payload , and 3600 nmi to 7200 nmi range .
V 

Alternate fuels were also to be examined ! specifically l i quid hydrogen and

l iquid methane. The matrix of design conditions is shown in Fi gure 2-2. The

design rules were those specified in M IL-C—5OllA.

Payload
Range~’~~ (Ibs) 200K 400K 600K
(nmi) ‘N~(f ield lengt h) N 

_______________ _______________ _______________

3600 “~~~

(8000)

(~~~~~~ fl~~~ ) ~~~~~~
_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  

LCH4 Id -i4

JP JR
(9000)

Mi 1C501 1 A rules

Figure 2-2 - Phase / Study Conditions
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In order to accomplish a study of such broad scope, within the resources

avai lahl e, it was necessary to uti lize methods of computer aided desi gn

(CAD). This approach matched the need f~r a broad based surve y of airp lane

designs and the interrelation of advanced technology levels with those designs.

The CAD system which was applied to the parametric design was a variatio n of
V 

the Airplane Engine Requirements System (ARES ) which was developed for :re

Air Force Propulsion Laboratory under contract, Reference (2). This method

utilizes a statistica l s~ampling method, Lat in Squares, to reduce a large

number of design permutations and combinations to one of manageable prooortion.

Second order regression equations are used to represent the functional re1 a-

tionship of the dependent variables, such as miss ion range or gross wei ght,

to the independent var iables of the problem such as wing sweep, wing loading ,

thrust to weight ratio , etc. The current ARES formulation has the capability

of treating a field of ten independent variables for each dependent variable,

which is identified as a figure of merit. By use of Latin Squares the desi gn

combinations and permutations can be represented by 121 desi gn points with

an accep table and specifi ed error.

The process by which the ARES parametric designs were integrated into the

overall program is shown on Figure 2-3. The tota l sub- task I effort was

divided into two phases , with the parametric desi gns providing the basis for

selection of a Basel ine Mission and the initial design characteristics for

the Preliminary Design Phase.

Concurrent wi th the Parametric Design Phase, an effort devoted to an assess-

ment of advanced technology was carried out to es tab l i sh  a 198 5 Technology

Basel ine and to provide an evaluat ion of advanced technology which m ich t be

available after 1 985. Because of the concurrent t~chno1ogy ef ort. some

1
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PHASE I

I DETERMINE MATRIX OF CONCEPTUAL
LA IRCRAFT DESIGNS: -

ARES CAD

PHASE ii
CONCEPTUAL

V 

DESIGN PRE lIM INARY DESiGN

LAYOUT

—4 TRADE STUDY

4 COST ANALYSIS]..—
- 

Figure 2-3. Study Approach

parametric analysis ~as carried out prior to establishing the 1985 Technology

Base 1ine ’1~ . This set of pararn-~tric data (2) was generated for a current tech-

nolog., basis with the exception however , that the propulsion system was based

on the avail ability of a new advanced turbo fan engine , and provided the basis

for the generation of the 1985 technology pa rametric designs.

(1) This corresponds to a 1 990 b C .

(2)  This data was generated on IR&D funds and is included in this report

for conti nuity .
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upon which to extrapolate wei ghts, aerodynanics, and propu~sion ar~~:te ’ ~~~:i :s

to large gross weights. Fi gure 2-4 shows scnematica~ 1 y :ne aenera l ~-~~ r ce-

ments selected for the JP and cryogenic configurations.

A particular area of interes t was the analysis of fuselage cross-section.

Structural penalties associated with the desi gn of durable structures for

pressurized fuselages d ictates the use of circular arc segments to the ~arges:

degree possib 1 e. The cross-sections which were examined were double arc and

circular as shown on Figure 2-5.

The cryogen ic confi gurat ion differs from the JP configuration in two res~ec:s:

the body cross-section and the bracing of the wing. The double lobe body

cross—sect ion was selected because of the ease with which the cryogenic ~uei

tank is integrated with the fuse lage. Since the wi ng carries no cryogenic

fuel and obtains no bending reli ef , a strut braced wing is a logical desi~ n

characteristic .

2.2.0 CONFIGURATION CONCEPT AND REFERENCE BASELINE

2.2.1 Innovative Configuration Concepts

A number of possibl e innovative configurat ions were reviewed for application

to mil itary cargo transports. In order to provide a broad based assessment

of innovative configura tions , the following configuration concepts were

rev i ewed : canard , tandem wing , tail -less , oblique -w ing , ram win c and air

cusn io n e c lan c inc acer. Addit iona l confi gura tion features discussed in the

rna~ n :-a~-: o~ :nis s:~d~ inc jde strut braced wings and bodies w ith var ious

cross ~ect iors .

9
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Figure 2.4 Configurations 
-

3 lane 4 lane
Reference cross cross
circular - section section

Strut
braced
wing

-

~

Figure 2-5 Study Fuse/a ge Cross-sections
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2 . 2 . 1 . 1  Resul ts of Reviews of Innovative Concepts

Estimates of the two main fi gures-o f-merit , takeoff gross wei ght  an d ~inim ur

fuel burned , were made for the candidate configurations (except for the ram

wing) and the results are shown on Figure 2-6. These candidate configurations

were reviewe d for applicability to strategic airlift, alternate m ilitary mis-

si ons , and adaptabil ity to commercial frei gh ters. No predominant benefit was

found to ar ise from any of these more unusual configurations.

2.2.1.2 Discussion of Concepts 
-

Conf i gurations utilizing canards and the tail -less concept have the potential

for im provement relative to the others. However , all innovat ive concepts

rev iewed were considered unsuitabl e after wei gh i ng these advantages aga i nst

the higher degree of development risk. 
V

For the canard confi gurat ion , i tems needing develo pment include: canard high

lift devices , fail-safe flight contro l system , potential directiona l stability ,

pitchup and rol l control problems due to vortices shed on the fin arid wing.

Commercial transport studies indicate that a canard may save 5~ in fuel

burned over the conventional confi guration when the landin g approa ch speed

d ictates the wing area selection. 
—

Passenger transpor t studies have shown that the tandem wing configuration has

a hi gher drag-due- to—l i f t  factor than a comparable monoplane, and its e~pt~

weight fraction is higher due to crash protection provisions for the h ia ’~

rear wing. Another possible arrangement , where the front wing is ~‘ountec

hi V a b and :ne rear winc is nounted low , nay reduce t~’is weic~t Dena~ t1.

~owever . its fuel u t i l ization .-~i li be areater cnan cne re~e’-cnce con~~:~.ra Y c ~’.

$
I!
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The :ai -~ess confi gura t~on has the potential for 10 percent or more improv e-

iC r : ir ~jEi -cf icien cy but has technical questions needing resolutio n .

De’.el::n~ nc ‘s nee~ed to define a means to increase the trinnec maximum lift

coe~~- :ie~ t, .Iricri is aporoxima tel y 65V . of conventiona l configurations. This

ccr~~~~-a:~ or needs careful stabili ty assessment as well as attention to its

~~i.::- ~~l 1 :n~racter ist ics. Depending upon the specific geometry of the

:cn~ i:~~~tic n , the potential for spinning exists. The loadabi lity aspects of

these ~on~~guv -at ions may be restricted because of a rela tively small center- -

of—gra vity range.

The cruise range factor fo~ the oblique wing aircraft is about the same as

the reference aircraft for equa l wi ng structura l aspect ratios. Because the

empty weight fraction is greater , the resul ting fuel burned will be slightly

greater than the reference configuratio n . The cruise at low supersonic

speeds does not produce a performance advantaae for the cargo application ,

therefore the high speed capability aspect of this configuration is not a

pos iti ve fac tor . However , use of a small wing sweep angle to increase endur-

ance would add to alternate mission versatility . Location of the engines is

difficu l t on this confi 9uration . Installing the engines on the af-t body

causes balance prob lems. Engines mounted on the wing require a swiveling

arran gement and ‘esult in nacel le--pylon interi~erence drag. For these reasons,

this configura tion is considered unsuitable for large military cargo transports . - -

A June 1976 Lockheed study , whic h was sponsored by ‘~A 3A , came to the same

COflC~uS iOn. A more detai led analysis is in cluded in Appe nc ix A.

2 2.2 le~erence ~asel~ re

a ~-es u~ t tre re- ’.-~ 0 tbo~e cen -a ’- -a ,r ancene~ts wr-i cn m ic~t cual~~y

for aop li:at ion to I ; i:s ~~ars:ort oes r , a cony en t icral ~cur enc~~r~

I S

-
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configuration was selected. All other confi nura tions involved add itional

development risk which was viewed as unacce ptable relative to the benefits

involved . In addition , the extrapola t ion of the conf i gurat ion characteristics

to regions of gross weights , wh ich have not as yet been studied , coul d best

be made on a conf iguration in which there was a hi gh level of confidence.

The configuration selected as the reference configuration is shown in Figure V

2-7. This particular configuration was selected on the basis of minimizing

gross weight . The circular cross section was selected for the parametric

studies for itS ease of analysis and simplicity , realizing that the sensitivity

of the design to body cross section would be evaluated later .

• Current technology
• Advanced engines ~~/

RANGE 5,500 N.Ml. 
I

TOGW 1,600,000
OW 631,000 

V

PAY LOI~D 400,000 LB - ..

CRUISE SPEED M.75 @30,000 FT. ________ --

WING AREA 10,300 FT2 j
SWEEP, LE 10.9°
AR 8 25 FT— 6IN DIA

ENGINES 4@92,000SLST V

-
~ 287 FT - -. 276 FT— 3 1N

~ o 
_ _ _ _  

V V V 

V

. 1  — 18O F T - O I N  —

FOUR 8X8 FT — 11 FT- 3 IN CARGO FLOOR
CARGO LANES

Figure 2.7. Reference Configuration
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2.2.3 Design Sensitivities

Although the pa rametric designs were establi shed using CAD , a reference con-

figuration was drawn and anal yzed at a nominal design point of 5500 nnui and

40,000 lbs payload. A sizing ana lysis was performed combining the variations

of wing loading, and thrust weight ratio with field length , gross weight and

fuel efficiency , Figure 2—8 . This composite design chart is for planform

design characteristics which maximize fuel efficiency . The design points are

defined by the field length constraint. The design point for minimum gross

wei ght occurs at the tangent point of the lines of constant gross weight and

constant -fiel d length. All other points along the line of constant field

length requires a gross wei ght higher than that of the point of tangency.

Sim i larly , the tangent point with the lines of constant fuel effic i ency ,

~~~~~~~~~~~~ provides the sizing for a fuel efficient design . It is interest-

ing to note that the fuel efficient designs invaria bly require lowe r wing

loadi ngs and consequently l ower thrust-to-weigh t ratios tha n do the minimum

gross wei ght  designs.

A similar set of des i gn solutions is illustrated for a des ign with plan -form

characteristics chosen to minimize gross wei ght , Figure 2-9. Al though the

design point for minimum gross weight is not strongly infl uenced , the im pact V

-for the maximum fuel efficiency increases from a value of 2.2 to over 2.7 ton

miles /lb. of fue l or approx i ma tely 20 percent. The design point for a fuel

optimized design also occurs at a l ower winc loading than does that for a

range optimized design . 1

1 Range optini :ed and minin un gross wei~ nt are ta~~V e r  to be ~vnc nvr-ous.

15



__________ -— V~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

FUEL OPTIMIZED AIRPLANES
PAYLOAD 400 K LB

• RANGE 5500 N.MI. - /

— 

~ c~Gl4~ 
1~7

O~~ ~~~—~~4.26 - .—+

2 5 -  / ~
~~~~~~~~~~~~~

THRUST/TOGW ‘ ‘ 

~~
Ir ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

100 110 120 130 140 150 160 170 180 190 200
WING LOADING LB/FT 2

Figure 2-8 Composite Design Chart Fuel Optimized

RANGE OPTIMIZE D A. V
~fl~ ANES

• PAY LOAD = 400 K LB ______________________________________________
• RANGE 5500 N.MI . 

- / / 1.9
I, 

-~~ 

— _ -.; .-— —-..
.28 - ~ / ~~ - .~. ~~-

- ~/ + 2.Q.2 7 -  f-‘I., ••‘, .
~~ 

-
~
. 

—S,,
~~~ - .1 + —5-

“I q, —‘
p
c;’ 21

.25 - / ,-... , ~~~~~ % ....... —

.24 
/ 

/ —

THRUST,TOGW ~~ 1 /

:~ .
~~ 

/ / 
/ 
/ 

~~~~~~~ ~ —~r[

~; ~ 1 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

100 110 120 130 140 150 160 170 180 190 200
WING LOADING LB/ FT 2

Figure 2.9. Composite Design Chart Range Optimized

16

-V - s_ — _ .__~._ -V — 
~~~ - - - --j . _____



The independent variables selected for analysis were the aspect ratio ~~~~~

W ing Sweep (A) tnickness ratio (t/c), wing loa ding (~/S), and thrust- to-

weig ht ratio (T/w). The range of vari ables studied is shown in Figure 2-10 .

AR 8 ~~14
10 ‘ 30° TECHNOLOGY

t/c .10 .15 VARiABLES

w/s 100 ‘- 200 L~ OW
_ _ _  

L~ RANGE FACT ( P
T/w .15 ~- .3O

Figure 2- 10. Parametric Var iations

An interesting comparison can be made of the effects of optimizing -~or fuel ,

or range , by comparing the planfo rms of the two desi gns as is done in Figure

2-11. Also shown are the design characteristics of the configurations. In

general , the fuel efficient design emphasizes parameters which ma ke up the -

Range Factor ; i.e., M, L/D and SFC. Thus, the fuel efficient designs have V

higher sweep , higher aspec t ratio and larger wing s to improve the L/D. How-

ever , because of the larger wings the operating weight is sub stantiall y V

greater tnan the minimum wei ght designs. Conseauently , although savings in

tne fuel costs could he anti tipated , they would oe achieved at the e~oe rse

i rc rea sec  a c c~ i sitic n cos ts.

V V~~ ~~V~~~V ~~ ~~~~~~~~~~~~~~~~~~~~~~~ - V - - V ~~~~ ~~~~~~~~~~~~~~~~~~~~~~
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- --7

/ I
/ I • RANGE - 5 500 NV M I  • FIELD LENGT- i - 8  ono FT

/ / • PAYLOAD 400 000 LB
______— —______

- — 
- - MINIMUV M NIMU~’

/ ,, MINIMUM FUEL WEIGHT FUEL
AIRPLANE 1044—0 10 1044—0 11

MINIMUM WEIGHT TOGW 1 600 ,000 1 ,700 ,000
_- -

~~ AIRPLANE OW 631 000 812500
/ W S  155 125

/ TIN 23 202 
V

- - V - WING AREA 10300 13600
r 

- 
S W E E P C 4  10.9 0 1 7 9 0

1 t AR 80  120 V

I —
~~ t- c AVE 10 10

~ 
287 FT

sPAN HORIZ V AREA 2 260 2 880
7 0 t 2  V H 80 82

— I VERT . AREA 1 240 1 770
V V~ 061 047

404 F T — O I N .  ___________ ________ _________

SPAN ENG THRUST 92.000 85 900

~~ ~ EACH )

Figure 2- 1 1. Comparison — Minimum Weight vs. Minimum Fuel Transports

Design points were generated for a spectrum of mission conditions encom passed

by tne design points spec i fied in Figure 2-2 , specifically for pay loads of

200,000 lbs., 400,000 lbs., and 600,000 lbs . for fuel and range opti m ized

designs. These r e s u l t s  a re s h o w n  on F i g ure 2-12 . Also shown are l i ne of con-

sta nt fuel ut i l i za t ion  showing the in terest ing fact  that an optimur~ gross w ei g h t

does exist which maximizes fuel efficiency at a part icular design range,

however , that optimum is very weak.

An interesting comparison of the parametric desi gns can be seen , as in

Fi gure 2—13, where lines relating the optimum designs to lin es of constant

gross wei gh t are shown . Thus in the  region between the max imum range and toe

maximum ton m ile /lb. of fuel l ies  a fam ily of compro mise des i c ns  -,-.-r i c n ma ,’ ~e

of in te res t .

18
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MAXIMIZED RANGE A IRPLANES MAXIMIZED TON—MI ‘LB AIRPLANES

: j ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~
2 ~~ I I ‘ 

2 
—

1.00 1.25 1.50 1.75 1.00 1.25 1.50 1.75

TA KEOFF GROSS WEIGHT X io 6 LB TAKEOFF GROSS WE IGHT X I0~ LB

Figure 2- 12. Design Sensitivities

TOGW~~~~~~-~ •

6000 - 1.75 x 106 \ • CIRCULAR FUSELAGE
• 8000 FT T.O. DISTANCE

3 V

5500 - -

TOGW —
5000 . 

1.S x 106 
~~~
,

z .
~~

w 4500 ’ p., Vz r

4000 . TOGW
1.25 x 106

3500 -

3000 
1.5 2.0 2.5 3:0 3~5

TON MI/LB

Figure 2- 13. Range and Fuel Efficienc y Relationships 
V
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As an exam ple , cons ider the line where TOGW = 1.5 x ~~~~~ Additional fuel

efficiency can be achieved with little cost in range until the region close

to the fuel efficient design is reached . This occurs because of the limitation

which was imposed on aspect ratio of AR < 12. As shown in Figure 2-14 , the

increase in fuel efficiency is obtained by increasing aspect ratio until the

limit of 12 is reached , after which the wing loadirg is decreased in order to

improve the ratio of wetted area to wing area and hence, the LID. At wing-

loadings less than 120, the onset of the square cube law and the resulting

wing weight make further increases in wing size counter productiv e . Figure 2-15.

~R~~8,1o 12 I
~ \11

TOGW~~~~~~~~ 
• PAYLOAD = 400K

6000 . 1.75 x i06 \ \  ‘
,\ • CIRCU LAR FUSELAGE

• 8000 FT 1.0. DISTANCE

5500~ \ \ \ \ z,~,

~~ :::
3000 

1:5 2!o 2s 3!o 3~5
TON MI /LB

Figure 2-14. Range and Fuel Efficiency Re/ationshios — As i~t~c: Fa~-o

I
I

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TOGW —1—$~
6000 . 1.75 x io6 \ \% PAYLQAD = 400K

• CIR CULAR FUSELAGE
\ 8000 FT T.O. DISTANCE

5500
10GW —

— 
5000 . 1.5 .x 106

z ~ .
w 4500 C.

- ~1~z r
W’S’160 - -

4000 . 10GW
1 .25 x 106

150

3500

120
3000 I —~1.5 2.0 2.5 3.0 3.5

TON MI/LB

V Figure 2-75. Range and Fuel Eff ciency Relationships
— Wing Loading

J
A s e n s i t i v i t y  a n a l y s i s  of the impact of technology on design cha ract eris tics

was made based on the parametric reference air p lane , Figure 2-fl . The ‘-es .~
’ ts

of this analys is are shown in Figure 2-16 , and illustrate the imoress~ ve

ga i ns w h i c h  can be ach i eve d by improvements in structural wei cot reduc tico :

The reference va lue of 1 .0 in e a c h  case repre se flts toe level of tech ntlo c ,

i m pli cit in the re erence desi cr. 
-

-,
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.25 - .25~~~~ 
V

T/W .20 —
~~~~~~~ .---~~~ .20 ~~~~~~~~~~~~~~~~~

. 15 - .15 — ________

TON-MILES 
3.0 

_ _ _ _ _ _ _ _ _  

3.0 

_ _ _ _ _ _

• FUEL OPTIMIZED 140 140
A I R P L A N E S  130 ~~~~~~~~~~ I

• RANGE = 5,500 nm~ W/S L~-~ 
130

• CIRCUL AR FUSELAG E ~~ _
~
j  120

• PAYLOAD = 400 ,000 lb
1.8 1.8~
1.7 / 1 . 7 - ~--—-

- 
X i O ~~ Ib 1.6 / 1.6

1 .5 / 1 .5
1 .4 A 1 1.4 ‘

.7 .8 .9 1.0 1.1 .90 1.00 1.10

STRUCTURAL R A N G E
WEIGHT FACTOR FACTOR

Figure 2- 16. Technology -impact on Design

A parameter of great s ign i f i cance  in the design of commercial freighters is

the pay loac density at which a i r f re i g h t  moves, and which varies from 7.5 to

10 1b/ft~. Figure 2-17 shows the impact of chang ing the design density for

bodies of cons ta n t  cross sect ion by increasing the body length. Also shown

are the eFfec~ s of coinc to fuselage cross sections which deviate from the

c ircul ar. Litt le difference is seen between the three and four lane con figu—

r a t i o r s  at t~ is le - ~ei of analysis ) The design cabin pressure differential

~~~ ~~ :s~ ‘,in~cr is suf ficie nt for a cabin altitude of 18 ,000 feet. Decreases

in ci :in 11 t - .~ce .~-~j l - ~ ~en~ :o fav or the three lane configuration as wi l l be

:~~~:.-~~‘ r ~ect 1on ~~~~~~~~~~~~

in -~~:t~ on .J  ,‘ e v e a l e c  sc - m e d i f f e r e n c e s .
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Aero
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Advanced aero des methods ~ ( L / D ) cr + 4~

Propulsion
New eng ~ S F C - 8 t o 1 2 ~
Elec fuel contro l ~ SFC -
Nacelle Aer o integ ~ SFC -

Eng - Nac stru c integ ~ SFC - 1%
Structure

Active controls -9~T wiig box wt
-20~T h-tail area

Mat erials -5~ str cri t wt
-20~7~ control surf wt

Structural arrangement -5~ str cri t empenn wt
- I 2 ~c body wt
-5’T- cab wt

Adv design meth -2~T struct wt
Mech 1Elec Systems

ECS/avion ics cooling .~SFC -

Carbon brakes .~wt = 2000 lbs
In t eg actuators ~~wt = 3000 lbs Ref A C
i-li-press hydrauli c .~ wt = 3000 lbs

Figure 2-18. 1985 Technology

The basel i ne eng ine , Reference 3, will provide an improvement in the SEC over

the existing family of hi gh-bypass eng ines and is included in the design

base. Improved eng ine and nacelle integration will reduce installati on

losses by a few percent.

Si gnificant gains appear possible in the area of improved structural desi on ,

both in the area of reduced criteria , -due to the a o piic a tio r of ac~ i .’e cc ntrt ls

such as a load a l l e v i a t i o n ;  and a l s o  in the use cf new m a te r ia l s : u c o  a s  o~~ re

alloys , and composi te struct ure fcr cont rol sur~aoe s. ~d a ’ ~~e~ oe s i :n  ~~~
can also be used to red-j:e the im oact of ine~~ i:~ e”t s : - ’~:t~~ra a’ a-’:e-e ’~~.
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Figure 2-17. Payload Density and Body Shape Effects

Concurrent with the parametric des ign effort , an assessment of advanced tech-

nology was conducted to: (1) establish a 1985 technology baseline , and ( 2 )

to identify advanced technologies compatib le with a 1990-2000 b C .  The

technology assessment is treated in detail in Section 3.0.0 , but for conven-

ience a summary of the 1985 baselin e is presented in Figure 2-1-5 .

in the area of aerodynamics, the continu ing improve ment in advancec ai r ~~o i l

technology made poss i b le by improved octen ti al flow solut ~ ons .  - -~ncn in

~s ma~ e ocss 1 :ic ~~~. 
—

~~~~
- ‘- so ’~ed co .cu _

e~
.. :11 :‘- :.ioe ~n ado ~~~- r -

~- it i - c a ’ -
~acn ~~~~~ an~ . 1 1  a l s o  a ’ ’ o’.-~ ~~ ~eye r  i r - ~- i s c - c  . i s O O u s  c - -.

soi - jo io n~ c .-, ‘r.~ bo~~ co - -c:--o i~ rs t: O~ i - : - ’-o .-eo o ru ’ s e  L /2- .
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Advanced mechanical and electrical system s are envisioned vmicn can ~rovi~~e

si gni ficant savings in weight. Actuators utili zing high hydrauli c press~re

systems and integrated motor/actuator systems can provide wei cnts recuctior.s

from 1 to 20 percent.

In sumary, the technological base projected for 1985 provides for an estimated

improvement in range factor of 17~ and a reduction in operating weight of 7~~

over current wide body technology . Based on the 1985 technology basel i ne , a

family of parametric designs were generated utilizing the reference design of

Fi gure 2-7 for maximum range and min imum fuel . A representation of those

designs is shown in Figure 2- 19 for a payload density of 7.5 lb/ft 3.1

For comparative purposes , the C-5 design point is also shown for a gross

weight of 732 ,000 lbs.

PAYLOAD

L 200K

/ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~E E8OOO FT

2 
“— CSA 175,000 lb PAYLOA D - MAX RANGE

MIN FUEL

0 ~ I I I
5 1.0 1.5 2.0 2.5

GROSS WEIGHT — 106 LB

Figure 2-19. Design Solutions — Phase I Re ference Configura tions

1 
~~~~~ d e n s i t - .’ , no t in c ludi n a t~ e ta~ e - -~e l t ~ t an~ .-olun e of the 3 x 2 23’
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2.2. Paramet ric Design Matrix Summ~~L

Detailed desi gn descr iptions for each of the design matrix elements were

generated using the CAD system . A summary of the results is shown on Table 2-1 .

The complete design summaries are shown in Appendix B.

Table 2-1 . Parametric Design Matrix Circular Cross Section. JP Fuel. 1985 Technology
V Design Takeoff

Design Takeoff range distance Optimized
number Payload gross weight (nmi ) (f t ) for

1 400K 1,070,000 3,600 8,000 Range

2 1,310,000 5,500 8,000

3 1.590,000 7,200 9,000

4 L185,000 3,600 8,000 Fuel

5 1.450,000 5.500 8,000

6 1,680,000 7,200 9,000

7 200K 540,000 3,600 8,000 Range

8 655,000 5,500 8,000

9 580,000 3,600 8,000 Fuel

10 700,000 5,500 8,000

11 600K 2,050,000 5,500 8,000 Range

12 2,475 ,000 7,200 9,000

13 2,250,000 5,500 8,000 Fuel

14 2,640,000 7,200 9,000
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3 . 1 .0  INTRODUCTiON

The preliminary design and advanced techn ology portions of an is stud y took

place followin g the parametric analysis , Phase I. The prelim inary design

task consisted of the baseline mis sion definition , the baseline configura-

tion selection and the baselin e design validation .

The advanced technology assessment task was structured to identif y design

and technology innovations available after 1985 whi ch would be cost effective

con tributions to the baseline configuration.

3. 2.0 BASELINE MISSION DEFINITION

The basel ine mission selected represents a challenge from the point c-f view

of airplane design. The mission requirements are shown on Figure 3-1. The V

radius m ission was selected to represent requirements to perform a logisti cs

miss ion in an environment where fuel was not available or was of criticall y

sho rt supp ly. Some justification for this exists in the experience of the

Ara b-Israeli war of 1973 when the U.S. Military Airlift was required to

take on as much fuel as it offloaded in payload.

The pay loa d size is compatible with the payloads generally considered for

internationa l commercial freighter designs.

Ra dius/equivalent range 3600 nmi/6200 nmi 
V

Pay load 400,000 — 0/400 ,000
Field length 8,000 ft (MIL -501 1A)

Figur e 3- 1 Baseline Mission Definitio n
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3 .3 .0  BASELINE CONFIGURATION s ELECTION

The se lect ion of the basel ine configuration inv olved not onl y the auestion

of the de finition of components , but also a definition of  the criteria upon

which the selection was to be made. The parametric studies had examined

the question of the impact of design criteria on the configuration , specified

by maximizing range and fuel efficiency .

Specify ing the gross weight and the fuel utilization is a manner of relating

system costs to operations cost , through the relationship of gross wei ght

and the fuel utilization , without becoming involved in the complexities of

a cost model .

In the ARES CAD, however , the capability exists to specify with great

freedom the figure of merit upon which the configuration is optimized and

subsequentl y selected . Specifically, the capability was available to

couple the design process to the life cycle cost model , and the formula for 
V

calculat ing direct operating costs for a commercial transport. Thus , it

was possible to relate the cost and design di’rectly through the design and

optimization process. V

Of particular interest was the selection of a body cross section which

wou ld provide the most cost effective means of providing the floor area

required for military loading, while also providing the volume necessary

for low density commercial containerized cargo . The three cross sect~ons

considered are shown in Figure 3-2. It was also desirab le to evalua te the

effect of cabi n . pressur e on the bocy w e i c h t s .  

~~~~~~~~~~~~~~~~~ ~~~~~ V .V
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FJgu1e 3-2 Fuse/age Cross-Section

The plan -form characteristics were specified by t/c , 
~E’ 

and AR , and the

sizing by identifying the W/S and T/W , which , when constrained by 8,000’

field length , provided a minimum cost design. 
-

The parametric anal ysis had indicated an airplane on the order of 1.5

million lbs gross weight would result from the miss ion criteria specified

for the Baseline Mission. For this reason , there was concern that a land inc

gear could not be designed w i th  su f f ic ien t  f lo ta t ion  to p— o pe ’ - ly d ist r~b~te

the loads to the existing runway pavem ents and pr ov ide for s~~~icie nt

durabilit y of “urway pavements. For a cr iter ia, :ne LC N and pave-~ent st -e~s

levels ~f the 7~~ we~’e selecte d .
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3.3. 1 Body Cross-Section

The body cross section selection is of criti cal importance in selecting a

military transport which can operate at a minim um cost in performing its

mission of transporting military equipment . Several ground rules were

specified prior to the definition of the cross section. First , the confi gura-

tion must permit drive-through capability , with fore and aft ramps; second ,

it must be designed to a cabin pressurization level of 4.5 psi , corresponding

to a cabin altitude of 18,000 feet while at cruise altitude; third , it

must have a floor strength equivalent to that of a C-5A and be capable of

carr ying a M-6O mai n battle tank at 2.5g .

The U .S . Army Mechanized Division was selected as being typi cal of the average

military pay loads which would be required .

The characteristics of the cargo compartment determine the ability to

trans port efficiently the design payload as well as influence other design

considerations such as floor height , tail arm , and landing gear arrangement.

A parametric study was undertak en for the JP confi gurations to establish the V

relationships between these design considerations and cargo carrying efficiency .

The following questions were addressed :

1. Do particular box geometries lend themselves to greater packaging

efficiency ?

I
31 
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2. ~re loading efficiency results sen sitive to type o~ oayload? For

example , would conclusions be different if an Infantry Divi sion

were assumed in place of an Armor ed Division?

3. Do military packaging charcteri stics have to be compromi sed to

accommodate good ci v il cargo loading characteristics?

4. Are desirable cargo box geometries compatible with other desi gn

requirements --such as fl oor height and landing gear arrangement?

A computerized l oading model was used to provide a parametric description of

l oading characteristics of candidate configurations to provide information

to address these questions , Reference 4. The loading model results were

combined with design results of the ARES model to relate loadab -f lity to

configu’-’ation changes . These results were in turn used to define fleet Life

Cyc le Cost ( LCC ) for each configuration. The LCC result s were then used to

compare the relative merits of the various cargo box concepts.

3.3. 1.1 Military Requ i rements

Figure 3-3 summarizes veh icle dimensions for loadin g of armored , mechanized ,

infantry airmob ile and airborne divisions. Vehicle s peculiar to the criti cal

support increment and the CH47 helicop ter from the Ai rmobile divi sion are

not included.

3
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Figure 3-3 Arm y Vehicle Cross Section Distribution

The majority o-f vehicle types are concentrated around a width of 100” and

height of 1 00” . The vehicle with greatest cross section dimensions - an

Mrmored Vehicle Bridge Launcher (AVBL ) - has height/width dimensions of 159

inches and 158 inches respectively. The 159 inch hei ght along with loading

clearances is used to define ce ilir ~ height -for candidate cargo compartments.

Since the narrowest floor consi dered in this study is that associated with

two 8 feet cargo lanes (approximately 200” overall floor w idth) the AVBL

width does not directly influe nce cargo floor width selection .

Overall vehicle w idth distributio n for a division , however , does inf luence

the floor width selection . If . for exainDle . a larce cercent o tne v e ni c~es

in a division cf interes t ~-~ere 
:.,5y~~, a floor ,-~ th son -c n-~it i p-l e o :ne

153 V~VBL w i d t h  V V~~C ’~~~ crovi -j e tre cest -ioo r loc oinc s-~ ic ie’~c .  
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Figure 3—~ and 3—5 summarize the width distribution o~ ~ecnan i:ec arc :r~~~-t~- .-

Divisions when the number of each type of -.e n i ci e ~s cons ice ’ec . The ~V~ e:fl~~~ _

nized Infantry Division is seen to have a -.-d ic er average ,-~idt n than the

Infantry Division and should therefore present greater ci ficui ty in achiev in c

efficient floor l oading.

1400

1200 
L

1000 H
- 

H

V 
V
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V VEHIClE WIDTH DISTRIBUT ION

INCHES)

Figure 3-4 Vehicle Width Distribution Mechanized Infan try Divis ion
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Figure 3-5 V~nic~e L V . 1r .b Distribution ln~ar ’~~ , D, v,sI cl , 1
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es irao ie carco box crIaI -ac :e r l s :i cs  for a c iv i l  :r-a nspo’ t o~ .00.300 l bs.

:ay icac ac not ~atcn ono se for a 400,000 lb. mi l i ta ry  oavloa d. Fl oo r

H loading require ments for 3 x 3- air/surface intermodal containers would be 60
V 3to 80 lb , -~~~~~ for carço aens ities ranging from 7 . 5  to 10 lb/ft (including

container tare wei gnt). If the 8 x 8 Containers are stacked , as in the case

of the circular tuselage configurations , the characteristic civil floor

3loadi nc s ~‘ange from 120 to 160 lb /ft~ for the 7.5 to 10 lb/ft overall

container densiti es , respectively. The military floor loadings , on the

other hand , are typically 35 b /ft2 for an Infantry Division and 120 lb/ft 2

f~r a Mechanized nfan:ry Division. Since a density of 10 lb/ft 3 would be

the more typi cal civ i l density , and the Mechan ized Infantry Division the

best es~~mate for a military paylo ad for a NATO surge mission , a floor

loading incompatibility exists between civil and military pay loa ds for

either c i rcular or double arc configurations. The penalty associated with

this inc om oatibi lity will be explored in the fo ’icwing anal ysis.

Figure -6 aes cribes the floor area versus floor length for the -our OP body

cross sect~-on config urations. The floor lengths associa ted w itn civil carac

densities, between 7.5 and 10 lb/ft 3 are seen to range trom l.8 to 197’ for

the four lane configuration and 200’ to 265’ for the 3 lane configuration .

Although a civil cargo densit y of 13 lb /ft 3 is judged to be the most appropriate

for the four lane baseline , a oes icr coint was selected at 9 lb/f t 3 to

satisf y the add it 4 -:nal r-ecuir erl er.t c a ~Hoor len -ct n capable of accommo—

da tinc S x S coroa in e- ’t ::—~~:~~t T ei ct n s (i .e.. 150’ floor lenot h) .

5eca~ se -o~ tne : : nt a ~~~~n.~~
V st~:~- ~n: ~seo t re C i r c u l  ~

-- j~elace :on~ i nj ra Y  -tns -

:loor ‘ e nct - ’  ‘ ec -~i -e --~e n t :  — a r  c 4 ’ ~ l ~~ r -e- ’e’~ts ~ e ~:e--ti c a tre ~V

:on~ i~ u~at~ )fl .
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Figure 3-6 Available Floor Area versus Floor Length

3.3.1.3 Load i ng Analysis

The parametric loading analysis used to establish relative loading efficiency

of various cargo box concepts employed the Airlift Loading Model , referred

to earlier. To provide maxi mum coverage of geometry variables , the anal ysis

was performed , using the Mechanized Infantry Division as a typical NATO

mission payload . Vehicles were loaded without troops and to cross country

wei gh t .

Sorti es ~eoui red to transport tne ~~v is i or tc Europe we--c used as the icure

o f me r i t .  These sort~~ lev els re cuir ec to ta r r y  tne In i t ia l  SUDDO I-O :ncre n-ert

( : S : )  of tne - c - .~ s~ o-~ a- -c rot  ~ncl cec .
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The sortie requirements for a 5 ,033 sQuare foot loo~ area , the i ts- - a - -ca

of the baseline configuration , a- e summanl :ec f~~r v ar iOu s carco :‘ OOr ,- i c ~ n~

in Figure 3-7. The comparison snows tha t tne sorties - e uui - e o to ca~-r;’ one

Mechanized Infantry Division is relativel y insensitive to floor ~-~ic ns at

the wide body floor widths associated with a 400,000 lb. pay load. The same

trend is seen for an Infantry Div is ion .

This sortie trend changes somewhat as floor area is reduced . Figure 3-8

describes the Mechanized Infantry Division sortie trend versus floor width

for various f loor areas. The comparison shows a definite sensitivity to

floor widths on the order of 200. The drop in requ ired sorties at the

228” floor width is significant for the two-lane circ u lar us elaae . As

will be seen in the followi ng discussion , this trend can help

offset the fl oor area restrictions of circular fuselage for the m i l i t a r -V
~

in i 5 s i on s.

The above l oading results have assumed that vehicle loading order has no

priority . That is, vehicles are loaded without regard for keeping fi ghting

units together on same sortie or consecutive sorties. Previous loading

results indicate that if the unit integrity rule were applied to the loading

anal ysis , no change would occur in study conclusions. The major effect o~

unit integrity loading would be to increase sortie requirement for a civen

case by approximately ten percent.

The overall conclusion that can be drawn from tni s anal y sis is that discrete

~ioor •.-iidth s that sat isf y civ i l S x S container ~-ecui ’-enents can be selecte:

~or ~loo’ wiit .bs ranc ino ~-‘~ n- 250 to 000 VJ~~~ t h Oj t  a dve r sel y a~~ecti nc

i
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lane and four lane configurations. However , when selecting 1- ~or ~-~ ctn ~or

one two lane conf igurations , care mus t be taken in selecting a :locr wi cor ,

greater than the 200 needed for two lanes of cargo containers . A boor

width between 210” and 230” would serve as an efficient military transpo rt

and also satisfy requirement for two lanes of 8 x 8 containers .

3.3.1.4 Life Cycle Cost Implications

The loading results of the ALM analysis have been used along with the

results of - the parametric configuration study to evaluate cargo box concepts

in terms of LCC. Figure 3—9 summarizes results of the parametric con~igura-

t ion study in terms of AMPS weight. AMPR weight is used to correlate

configuration changes with LCC changes . The ALM results were used to

adjust fleet size to account for LCC changes due to changing sortie require -

ments resulting from restr ic t ing or upgrading available floor area. Fleet

productivity was fixed at one Mechani zed Inventory Division to NATO in a

given time interval. The net effect on LCC of configuration changes and

fleet size changes is described in Figure 3—10. The overall result  of th is

approach is to define the best possibl e floor length , in terms of -LCC . for

the fl oor width of interest.

The results of applying this LCC evaluation technique to the two lane.

three lane , and four lane OP confi guration are summarized in Figure 3-11 -

These resul ts  show s imi lar  LCC l e ve l s  for the four lane , three lane anc

22 8” two lane con figu ration s . The 200” , two lane , confi guration has a

substantia ll y ni~ ner LOC level than the other three confi gurat ions. The

cesi cr, ooin ts that corres pond to a 10 lb/ft 3 ci’.’i i carao density are seen

i
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Figure 3-11 Fuse/age C’ross.Section Selection

to fall at cargo floor leng ths that would not drive the fuselage to excessive

lengths. Floor lengths may become a problem for cargo densities less dense
3 - .  - .than 10 lb/ft , particularl y for the four lane and three lane conTigura-

- 
t ion . V

Fi gure 3-12 summarizes the relationship between LCC and cargo density .

Meeting the civ i l  cargo density requirement of 10 lb/ft 3 results in a Ll.

2 .0 , O.6 ~ incr ease in f leet LCC over the minimum LCC or the four lane.

three lane and 228” two lane confi gurations , respectivel y. I: a 7.S lb , -
~: 

V

design point is recuired , c i v i l cay loa d of trese fleet LOC :enal ieo O C - V~~

10.6 , 11 .0, .5 res Decoivel y.

I
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Figure 3-12 Payload Density

Based on these lADS study results, it can be concluded tha t no sicnific ant

è f leet LCC penalty is incurred when the military transport design is corn-

promised to accomodate c iv i l  cargo at 10 lb/ ft ° . Of the three configura-

t ions , the 228” two lane design appears the least sensit ive to desi gn

pena l t i es  when c i v i l  cargo densities are reduced below the ~O ‘ b ’ t~

-i a i~ e. Nei tne- do the :iv ’~ car go box reQV J~~~-e r re rt s  ~-‘ ve tre use ’:a ce

J cesi-: r t o  i~ ve l s  -d n i0n are ~ncomDa ti:~~ ~~~~~ 
:‘Q~~,. b C’ ~~~~~~~t ~~~r~~~ ng

-~~‘u ’ - -°-~~r
I

4:

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---V -- - -~~~- -V



_ _  
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ — V ——~~---- -—~~

3 .3.2 floor Heights V

In addition to the cost considerations which inf l uence the selection of the

body cross—section , the height of the floor above the ramp is of critical

importance for loading and unloading equipment under combat and quasi-

combat conditions. The selection of the landing gear configuration and

length is impacted by the selection of the body cross-section through the

length of the fuselage required for the necessary floor area ; and conse-

quently to the rotation angle required for take—off . V

A trade study was performed relating the floor height to cargo floor length V

for the two lane ,1 three lane and four lane cross-sections. As can be seen

on Figure 2-14 , as the floor length is increased the floor height must be

increased to achieve the rotation angle required . After 160 feet the four

lane configuration requires an additional l anding gear post per side as a

consequence of the additional weight and therefore , reduces the floor height

by placing the aftermost gear assembly further aft.

The s ignificant point to be made is illustrated by the two design points

which show the floor heights for the four and three lane confi gurations for

equal fl oor area . The four lane confi guration has a deck height which is

about 3 1/2 feet l ower than the three lane and substantially l ower than the

circular configuration .

~ lane is defined as the ~-d i ct n and neiah t o~ an ~ 3 c:noa~ner .

V 
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6 0-  ,7’ •SIXPOST MA IN GEAR

• 30 in OLEO STROKE
40 —

I I I
100 120 140 160 180 200 220

CARGO FLOOR LENGTH (FEET )

Figure 3- 13 Cargo Floor Height versus Length

3.3.3 Wing Planform and Sizing -

A comparison was made to d e f i n e  the implications of selecting wing size and

characteristics on the bas is of life cycle costs . Life cycle costs are

essentially an index of peace time costs with the Operations and Support

component usua lly based on the assumption of low uti l izat ion rates to be

compatible with current MAC practice. This assumption , when integrated

into the optimization process which provides the basis ~c’ blanform selec-

t i on , emphasizes the significance of ac cu i si tio n co s t  ‘-athe ’-  than cce’- atin c

cost .  This resul ts  in p lanfo rm character i stics w ni : n  m ir - im ’ :e :ost

tnan maximiz ing oer -crmance .
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I
On the other hand , direct operating costs, when used as a figure o~ merit ,

provide sufficient emphasis on block speed so as to orov ide for a configura-

tion which haz better performance.

3.3.3.1 Com posite Des ign Charts

Compos ite des ign charts were constructed for the Baseline Mission showing

the variation of (4/S a nd T/W with airplane gross weight , subject to the

field length constraint. Figures 3-14 , 15 and 16 show those relationships

for a design optimized foo gross weight , life cycle cost and D.O.C.

— GROSS WEIGHT
~~ TAKEOFF DISTANCE

R = 6.200 nmi
PL=400K Ib

T~~GROSSWT

- 

~~~ 

_

~~
_

8%~. 

~~~~~~~~
WING LOADING

Figure 3-14. Thrust Wing Loading Design Surface Minimum L CC Designs

I.

_ _ _  -~~ - 
~V - ~~~~~~~V - - ~~~~~~~~ —
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I
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,
/ yr -. SD,O % 

~~~~~~~~

.15 - “ ,‘~~~~~~~~~~~~~~0~

_ _ _ _ _

~~~Thoo 120 140 160 180 200
WING LOADING

Figure 3-15 Thrust Wing Loading Design Surface Minimum
DOC Designs

R 6200 NMI — GROSS WEIGHT
P1 = 400KLB —--— LIFE CYCLE COST

DIRECT OPERATING COSTS
I 

_ ___

_ _ _

.15 ~~~~~~~~ 
- ~~~~~~~ 706
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M IN DOC A/P’S

I
Figure 3-76 Thrust Wing Loading Design Surface - -~ in-mu rn

Gross t Vei gh~ Designs
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1

Genera lly, as mign t be expected , the imposition of incre asinglj stringent

field ien~:h requirements result in increasingly l a r g e r  w i ng a reas , hi g her

thrust l evels and higher gross weights.

A comparison between the three design cr i ter ia; minimum gross we i ght ,

minimum LCC and minimum DOC , shows the desi gn point for minimum gross weight 
- 

V

criteria occurring at the highest wing loading of the three criteria and

producing a gross weigh t slightly lower than the minimum DOC desi gns . The

minimum LCC and DOC design points occurred at wing loadings which were quite 
—

close to one another with the minimum life cycle cost design point being

slightly l ower. Thrust level s responded to decreases in wing load ing by V

decreases in T/W .

During the optimizat ion process a number of variables were left uncon-

strained so that the optimum combination of independent variables produced

the desired maxima . In order to maintain control over the optimization
4

process , and to better portray the st rength of the trends , a trace of the

design var iables was constructed as a function of design range , Figure 3-37 .

A l s o  shown are the variable lim its which were imposed to mainta in -the

accurac y of the design synthesis.

a

Of particular interest is the fact that the LCC design is as driven to the

most conserva tive plan form characteristics: t / C  = . 15 , AR = 9.0  • , _

= 10. This, of cours e , resu lted in a decreased leve l o performa nce as wi~ l

oc sno~-i~ or Fia ’~~re 3 - 13 .

•
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Th-a e - : nas i s  .-.‘-~ c-i 3 .  c l a c es  on c r u i s e  macn nunDe~- is shown Dv tne ~act

:not tne :es~~~s ~:ti -~~:ec or 2CC nave tie nic hes:  swee:. lo west tnic ~ness

-a :~c a-’-c -- e sul t s in tne ~ cnest c~~ise macn number .

Tie - -~ir~ lo ~c i ’ c  tr ~ ce at the to: c~ F1;ure 3 _ I t  are tne fundamental cat a

w r :c r  c~ i -ic tn~ cna n~ -~ in cesign c;~arac :eristics as range is increased . :t

i s  ~i;n~~ icant to no :~ t he convergence o desi gns as range increases . At

some ra~~ce , 5°twee n 9CJ C and 10 ,000 nmi , the maximum range desi gfr reaches

tie l im it ~of its capab - i l i t ]  and increases in gross weight no longer result

in in-creases ~u: decreases in range. Tnis phenomenon occurs as a result of

tie loga rithmi c n5ture o~ :ne range equation and the implications of the

sq:~are cube law. However a l l  designs will converge to the maximum range

des iq n at the maximum range design po int for the technology base in question.

The beginning of :na t convergence is shown in Figure 3- 17 on the trace o~

~-i~nc m c a c i n g  vers u s range. The principle of design convergence is further

i l l us t r a t e d  in Fi~ u’c  3- IS where performance charac teristics traces are

shown .

Tie c ’ - ui se ~acn number differences of the designs are shown to be signi f icant

V 
in tie -‘e-;ion o interest , part icular ly w i t h  regard to the LCC design. The

li - a c ’cie cost des icr , because of it s l ack  of em phas i s on the importance

~.: —~--~- -a: iic c o s t s  resu lts in a design which , although an inexpensive

to o’~cc~re, is a ooor performer .

se L, :- ‘ace sic ~.-in on Figure 3-18 is ~V IcVrtb some ex am ina tion as it

ma 3 o ’  C O i t ,~~ t - t : ’  t u  t ie ranGe act o r . —s t he win c I ca c i n G  is cecrea se :

~- e s : : - s e  to t - e :e--ar :s C- ~- e a t e -  - ‘- a n G e . as 55  snow n on F~c~~-e 3— 7.
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the rat io of wetted area to wing area is a lso  decreased thereby reducing

the zero lift drag coefficient and improving L/D at cruise. The trace of
V Awet / S is shown on Figure 3- 19 and also shows the similari ty between the

weight rat ios of the minimum LCC and max imum r ange  des igns at l ower ranges.

However as the range requirement is increased , the range design , which best

illustrates a compromise between the influence of range factor and operating

weight , requires a better range factor than does the LCC design. This is

ac hieved primaril y by mo v ing to increasingl y higher Mach numbers at the

expense of increasing the weight ratio.

• PAYLOAD • 400K
• STEOLEC ENG
. 1I6flCH— 

—_ 
— 

• DOUbLE ARC 4 LAN E

\
.- — — -_ —. -- -.

-

~~~

-z

— -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - --~~~~~~~~~~~~ V~~~~~
3000 40U0 

~~~~~ ~O0O 7000 I0UU ~~~~~
KAN GE — NMI

Figure 3 1.9 Optimum Airp lane Design Parameters

I
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I
J ‘~e ~m:a:t :- cesign cniteHa -,-~as exam ined as it imo accec gross ~-.-e i ~~ r t ,  a

cor - .entiona l -e:~’esentation -of design e-’-ectivenes s as shown in i~ u ”& 3-~~

Clear the ~m:a:: c re~u~ .’,nc ma xi m um fue l ef f ~c ianc j  ‘s  c o s t 7 y ir

weight an o as a ~esul: , in cos t .
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I 

• DOU8LE.4RC 4 LANE/’ ,‘ FUEL
/ ,,

::
RANGE // ,‘

f /— 5 -  /
1000 NMI 7,. ,‘

,. /7/ ,‘

4 - // /I. // /

3 -

2

1 -

Q I 1

1.0 1.2 1.4 1.6 1.8 2.0

TOGW — 1O6 LB
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A similar trend is shown in Figure 3-21 where DOC is shown as a Function cf

design range. The typical design convergence at long range is apDarent as

is the fact that the LCC desi gn lacks the convergen ce because of its lack

of operational sensitivity .

.O8~~ 
~ PAYLOAD = 400K
• STEDLEC ENG LCC

.07 • 1985 TECH /
• DOUBLE ARC4 LANE ,TFUEL

I’ RANGE

//~~~~ OC

.06

DOC
4 /TON MI) 

,~,

~~0~~~~~
’ 

~~~~~~~~

.05
— —

4 5 6 7 8 9~~~~~~
RANGE— 1000 NM I

Figure 3-2 1. Direct Operating Costs

I
I

53

- -- - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
~~~~~~~~~~-V~~~~~~~  

— -P_ _



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:_
‘ - ---

~
—--- -

~
-—— — - -—-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I
The m ission fuel burned is shown in Figure 3-23 for the four design criteria

and illustrates- the asymptotic nature of the cost of achieving design

ranges greater than 9000 nmi . The LOG cost design becomes increasing ly

inefficient as range increases. It is also interesting to note that , at

the design range of 6200 nmi , the fuel used in approximately equal to the

V mission payl oad.

9
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Figure 3-22 Mission F~ip ! Burned
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3 . 3 . 3 . 2  Uesign A long The Trans i t ion  Line

It is difficult in a multi-dimensional optimization orocess , such as has

been used in this study , to access the strengtn of any particular optimum .

Because configuration characteristics may be selected on the basis of a

weak optimum , room exis ts for the examination of the characteristic s c~ the

design as the design criteria are varied , for example from LCC to DOC .

Figure 3-23 shows the variation of LCC and DOC for designs optimized for

LOC and DUO respectivel y . Also shown is a constant range transition line

for the baseline design range. This transi tion line shows that a region

exists in which a reduction in life cycle cost of about a billion dollars

can be realized while experiencing essentially zero change in DOG. The

c haracterist ics of the designs along that t ransi t ion l ine are shown on Figure 3- -~ -

55 • PAYLOAD 400K
• STEDLEC ENG
• 1985 TECH ~,~~~8000
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• DOUBLE ARC 4 LANE
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,
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V

4000 5000 N M I

,
,/~~

‘
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~~ 
,/4000NMI
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DOC - ~/TON M I

FI gure 3-23. Oøtimum A rc~ane Cost Parameters Trans,tio,,
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•
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Figure 3~24. Configuration Characteristics Along the

- Transition Line
3.3.3.3 Design Summa ry

A design summary , showing the design characteristics and figures of merit

for each design cr i ter ia is shown on Table 3— 1 , including the compromised

design derived from the transition line analysis. As might be expected ,

the LCC design exhibited the lowest operating weight.  The DOC desi gn

emphasized cruise Mach number , while the maximum range design minimi :ed the

combination of fuel and operating weight or gross wei ght. The minimum fuel

design exhibited those tendencies for which it was des icned.

The comparison between tne DOG and LCC Ic e si G n  cr iter is are more :ra:n 4 ca ’V i v

i l l us t ra ted  in Fi gure 3- CS e m on e s iz i na  t ic :es icn or s:ae-: 3r :r :cu-:t iv ~~:- .

-i er s-us IjeC~~I:n1nc or cos t .
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Table 3- 1. Design Options 6200 nmi Range

L AIRPLANE FAMILY GWT FUEL r

CONFIGURA TION DESC. I
TOGW . LBS 1460000. 1615000. 1480000. 1480000. 1461510.
WIS , LB/FT 2 148. 100. 130. 136. I~ 

139.5
T/W .23 184 .209 .221 I

I 

.219
AW ET/SREF I 5.30 4.20 4.90 5.00 - 5.13

~LE — DEG 
-

~ 15.7 22.7 10. 26. 17 .
AR 9.6 12.0 - 8.9 10. 9.57
t/c .10 .10 .15 .10 10

WE I GHTS
OW . LB 544210. 765780. 536390. 581700. 552770.
PAYL OAD. LB 400000. 400000 . 400000. 400000. I 4~~~00
MISSION FUEL . LB 476280. 414610 . 503600. 460010 I 470180.
RESERVES , LB 39510 34610. I 40020. 38280. 38560.

PERFORMANCE
M CRUISE .790 .780 i 725 .810 79
LID CRU I SE I 24.12 30.06 23.53 24.23 24 .50
SFC CRUISE .517 .605 I .596 .646 .616
RAN GE FACTOR 16230. 20370. 15250. 17400. 16630.
DOC. C /TON NMI 5.62 5.96 5.95 I 5•57 55~LCC . BILL S 44.1 48.5 

- 
42.3 45.4 44.1

AIRPLANE I LCC p— DOC
ITEM 

_______________________ 
OPTIM IZED OPTIMIZED

DOC LCC -

Pay load 400.000 
i’ 

1/

radl us/equ lv 3600/6200 -
range — L.__1 I -

TOGW 1 480 000 1.480 000 
- 

~~

‘ 
1/ -

M cruise .81 .72 - V V

LCC S * 1O~ 45.2 42.2 ~~~ /1
- 

DOC 4,’ ton-mi 5.91 ~~~~~ ~~~~~~I L~~~~~~~~~~~~~~~~~~~~~ ~

- 
-

Fuel burn 455.000 500,000 —

~~~~~~~~~~~~~~~ ~
_ _ _ R. V

136 .222 130 ,209 ~~~~~~~

Thrust 4 @ 8 1 .800 4 @ 76.800 -

Wing area - 10880 11 ,310 ::— 
I

LE . sweep 260 - 100

AR -~- 10 ~0 8.9 15

Figure 3-25. Compar i ~on ’ DOC ve -s~is LCC C’~ r- ’-’i-:ec 41~~jfleS
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~.3 . or~igu ra ti on Se lection

The design experience showing the si gni f icance o-f design criteria on the

con igura tion immediately placed in question the validity of li fe cycle

cost as basis upon wh ich to choose a configuration. It became clear that

although less - expensive to purchase , its performance in wartime situations ,

where time and hence productivity were a major factor , would penalize the

effectiveness of the fl eet. This conclusion was supported ry the criteria

imp licit in the study that the use of the selected des ign  as a commerc ial

freighter was of prime importance. This further emphasized the importance

of performance and its impact on DOC. As emphasized in Figure 3-25 , an

increase of l0.  in fuel eff ic iency and 6.5~ in DOG resulted from use of LCC

as~a design criterion compared to DOC , while an increase in 7.5~ resulted
- 

from the inverse comparison. 
V

However , in commercial terms , overall profit ability is highly sensitive to

c hanges in direct operating cost. The designs which are being considered

in this study have the capabil i ty to generate almost SlOO billion revenue

for miles of capabil i ty per ye&r . A change of 0.1 c/ Ton M i l e  cou ld c h a n g e

the profit picture by 100 million dollars per year for the fl eet of 250

a i r p lanes or $400 ,000 per airplane per year.

Thus it was concluded that DOC would be selected as the design criteria for - 
-

the baseline design because of the interest in commercial application , and

because of the fallacy which apparently exists in LCC as a desi gn crite ria.

This design cr i ter ion. DCC , will be representative of other poss ib le  des ig n

c r i te r ia , s ucn as O r o O u c t i v i t v , in -.-~nic n speed and block time play an

imoortan t part. -
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~~tC tne - :csic~
- c ’ - ’ t e - non  .~as selected , VJ rt ne~ cons~de~atio n ~.as .e’~ to

tne o ”oole m o~ f us ~ l a ~ e c ross s e c t i o n  and :ne irno~ icat ~ ors o~ cc: .

l ife ci cle cost  and ove rall performance. ~noth~ r i-~:ortant i~ c e c~er:

wh ict i  was considered was milit a r y f1ex it~l i ti as :neracterized by c~~~~~~-

sectional area and floor wi dth. The tnree bocy conf i gurat ions wh icn were

considered are those shown in Fi gure 3-2.

Three view drawings of the three and four lane versions of the minimum DOC

design are shown on Figures 3-26 and 3-27 respectively. The main differences

in the configurations stem from the different fuselage length required cc

achieve equal floor area and pay load density . This in turn changes the

height of the cargo fl oor. Thus the floor height of the 3 lane configuration

is 14’ 0~ and the height of the four lane configuration is 10’ 7h1
• - 

No

kneeling has been included in the concept weights. However an additiona l

three to five feet cou’d be achi~ved in reducing deck hei ght if kneeling

were included . 

- -  .~~~~~~~~~ 
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10GW 1.480.000 /
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—
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CARGO LANES CARGO FLOOR

Figure 3.26. Model 1044-0 14 lADS Airplane Three Cargo Lanes

RA DIUS/ EQUIV. RANGE 3,600/6 .200 NM /
V TOGW 1,480.000 LB - -

OW 581.700 LB
PAYLOAD 400,000 LB - 

/ 
/

CRUISE SPEED M .81 @ 35.000 FT 
______ 

/ I
WING AREA 10.880 SO FT .~~ -

SWEEP , L.E. 26° ________ - - 

-

AR 10 - \
ENGINES 4 © 81 ,800 SLST ’ 

—

TECHNOLOGY LEVEL 1985 
\ 

—- 37 -0

‘ I

— 329-10” — 280~-0”

—

° 

~T -T~~~~~ 
-
~~~_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

— FOUR 8 FT
CAR GO LANES — 10 ’ ? ’

CA RG O FLOOR

Figure 3 27. Model 1O~4~O73 lADS Baseline Airplane Phase II
— Four cargc Lanes
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The missio n and design requireme nts are shown on F~cure 3-2 a and :~~ure 3-3 g .

Airpla ne type Long range tra nsport. Milita ry and
comme rcial vers ions of one basi c design

Pa y load 400,000 lb
Militar y Vehic les and cargo; outsize capability.
Commerc ial Conta inerized; 8 x 8 ft co ntainers

Radius (Military ) 3600 nmi w/des ign payload. Land , unload.
Takeoff w/o refuel ling and return w/zere
payload

Equivalent range - 6200 nmi wi desig n payload

T.O. field lengt h 8000 ft
Eng ines Scaled GE STEDLEC; four on wing

Technolog y level 1985. A irplane certi fi cation 1990

Figure 3.28. Mission Requirements lADS Reference A irplane

Design optimization Minimum doc
basis

TOGW 1,470,000 lb

WIS1T/W 136/.222 
-

Body cross section Four lane do uble arc

Cargo floor length 160 ft 
-

Cargo floor loading 75 lb/sq ft
(Militar y )
Payload densit y 9.75 lb/cu ft m d  con tainers
(Comme rcial )
Payload provisions

Military Com parable to C-5A. —

Commercial Mechanized co ntainer loadi ng/restraint.
No permanent provisions. V

p,.
~$w’, ~~~ 18 ,000 ft cabin altitude

- ~~ ~~ ~~~~~~~~~ 
Simila r to 747 V

~~~~4 ’  ~~~~~~

- - 
~~~~~~~~~~~~~~ 

-
~ - ~

V

V 
_ _~~~~~~~~~~~~~~~A
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To give some appreciation of the size of the baseline design a more de taile ~

cross sect ion comparison is shown on Figure 3-30 with two M-60 ma in  b a t t l e

tanks sine -by— side . The full pay load wou ld be capable of four t a l K :  or 3D

8 x 8 x 20 ft containers. The net pay load density is 9.75 lb s ’ft~ .

Fi gure  3— 31 , 3—32 , and 3—33 show a graphic comparison of the baseline to

the C-SA and 747 designs. As shown in Figure 3-31 the Baseline --013 has

the same capability of drive through as does the C-5A .

It is worth noting that the overall length of the —0 13 is only l3~ longer

than the C-5A. However the wing span is 50~ longer and the body width 60~
wider.

32~~~~~~~~~~~~~~~~~
/

~~~~~~~~~~~~~~~~~~~~
2

~~~
R M6O TA N K

162 /~~~~~~~~~~ I~~ I T .Y 8 x 8 ft COMM L
1 ~ ~~~ ~~~~~~~~~~CARGO C O N T A I N E R98.5 ~~~~~~ ~~~~~~~~~~~ (TYP)

_ _ _  I

127 
_____ 400

USABLE FLOOR W f DTH
8L 210

Figure 3-30. Body Cross.Section
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- - Figure 3-31. Body Cross Section
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2

278 4 ~~~~~~~~~~~~~~~~~~~~~~~ 

246 0

- 
— :~: - .:J 222 -9 -- — — -

- h— 329~-10” —--- --- -- - -

Fi gure 3-3 2. S-:e Comparison — C5A
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WIN G AREA

747 5,500 FT2
BASELINE 10,880

278 4 

195 8 

225 2

329’-lO”

Figure 3-33. Size Comparison — 747

3.4 DESIGN VALIDATION

The d e s i g n  p h i l o s o p hy followed started with a broad based parametric design

analysis and inserted increasing l y grea ter dept h of des i gn as the miss ion

criteria , arid technology base became more well defin ed . The definition of

the Baseline utilized analyses based on data generated by CAD to examine

the influence of various design criteria and decisi ons on the overall

configuration , and resulted in the baseline configu rat ion show n on ~i gure

3-27 .
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The Design Validation phase provided for the detailed anal ysis o critical

elements in the design of a large military transport to substantiate

performance and costs.

Because a high level of concurrency between the technology evaluation ,

performance a n a l y s i s , and other aspect s of the study , the following approach

was fo llowed :

1) De f i n e  the  Base line c o n f i g u r a t i o n

2) Perform the technology evaluation and all other anal ysis on the

Baseline , including costs.

3) Va l ida te  the Baseline by detailed analysis.

4) Show t he impac t  of the validation on the baseline weight , and

estimate the change in the gross weight due to validation analysis.

Therefore , the performance and other analyses do not reflect the validated

weights but the weight initially identified in the baseline.

3.4 .1 Fuselage

A structural analysis of the fuselage cross-section showed that the initial

radius of the l ower lobe of the four lane double arc fuselage had a radius

w h i c h  produced an inefficient structure at 1 8000’ cabin altitudes , and that

as the cabin a lt i tude was reduced , the structure became increasinal y heavy .

1 The validated weights aaree wi th the i n i t~al weichts to
w it nin ± D O  o gross we~ght .
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The large l ower lobe radius was initiall y selected to ma~nt air tne maxi-’jm

distance possible between the keel and the ground given a fixed land in c

gear length , thus maxim izing the kneeling capability such a capability

were desired . Increasing the radius brings the keel closer to the ground.

As a result of structural analysis , the l ower lobe radius was decreased

from 494.0 inches to 313.0 inches . This caused an increase in l ower lobe

chord dep th  from 62.0 inches to 100.0 inches. By this action the distance

ava i lab l e  by kneeling was reduced by 38.0” to about 20.0 . Thus the floor

height which could be achieved with kneeling would be about 107 .0 inches or

about 9 feet . The additional three feet caused a weight increment of

approxima te ly 25,000 lbs. Figure 3-34 illustrates the fuselage desi gn

solution which was fol l owed and summarizes the impact of cab in pressure.

~~~~~~~~~~~~~~~~~~ ;~~~~~~~~~~~~ ~

V

494 R 313 R

___ _ _ _ _-

BASELINE — — U PDATED

Figure 3-34. Base/me Fuse/age Validation
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3.4.2 Landing sear

The analysis of the Baseline landing gear indicated that the obje cti~e to

achieve the runway stress level and LCN ’ s of the 747 was not be inc met.

Two solutions were proposed to achieve the desired stress level of ~30 psi:

1) Increase the number of trucks from 6 to 8

2) Increase the tire size from 52 x 20.5 to 57 x 24 and increase the

offset distance.

Figure 3—35 shows the variation of pavement stress as a function of the

tire offset distance , and also shows the 747 design point for four main

gear trucks. Also shown are tire separation distances . Landing confi gura-

tion gear studies , discussed in Section 3.3.1 had shown that 6 post gears

were preferable to 8 post gear for this payload size because of floor

height as well as weight. Therefore , the second solution was selected as

the most efficient. Increasing the tire size to 57 x 24 and increasing the

separation distance , (A x B), to 55 x 74 provided the load distrib ution

needed and achieved the desired stress level of 430 psi.

The Load Capability Number , (LCN) which is an index of the durabil ity of

the runway , is 98 for the 747 as shown in Figure 3—36. Also shown is a

comparison between the Dual -Twin landing gear config uration and the four

wheel truck. For single wheel load as large as mus t be consid e’-ed :nel-e,

the four wheel truck , a: the offset selected for pavement stress . and a:

:ire pressures of about 155 ps i , prod uces an LC~~ equa l to the 707.

-

~~

t) 7

~~~~~~~~~~~~~~~ tV_V -V -V 
-V~~~~~~~~~~~~~~~~~~~~~~~

---V-



-— 
V — — — -

S Riaid pa .-emen L ih,ckne,,s i: in 
-

S Subgr ade mudu lu~ 3043 lb in ’

500~ 
• IAL) S airplane I 4~~~U~”’ lb

PAVEMENT 6TR UCK S — IA DS AS DRAWN

450 - ’

~ , 780 00 LB ~
. - V

4TR U C K S

400
V TRLC K S TRUCKS MAIN GEAR

40 x 52 44 * 58 48 x 68 55 x 74 TRUCK

30 40

TIRE OFFSET DISTANCE “ C (I NCRES)

Figure 3-35. Baseline Landing Gear Validation

~3O

t0o~~— .0,•

~i P
,~~~~~~~~~UCK

80 — SW(. - 46 300 LB d-’ ~ =I ‘s

30 35 40 .15 50 55
- TR UCK 0~~C S E T  D i ST AN CE IN~ &B DUAL W H EEL SPACING NI

Figure 3-36. Landing Gear Analysis — Dual- Tt~-’in anc Truck
Gear Configuration
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3.4.3 W i n o

The most important assessment of the design valida tion process was t h a t  of

providing a detailed structural analysis of the wing to confirm the strength

and gust design criticality , and to define the mass properties of the wing

in sufficient detail to perform a flutter anal ysis.

The detai led layout  of the w i n g  i s shown in F i g u r e  3—37. This wing is that

wh ich  was d e f i n e d  in the baseline configuration , Figure 3-28. Also shown

is the thickness dis tribution which was used on the initial desi gn. The

wing of the Innovative Aircraft Model 1 044-013 was subjected to a structural

analysis to esta blish the weight of the prima ry structure . The w i ng was 
-

f i r s t  s i zed  for strength using the computer program ORACLE . A flutter V

analysis was then performed to establish the flutter boundary . It was

found that the configuration as drawn was deficient in flutter margin.

This was corrected by a small repositioning of the outboard engine.

WING DATA
S 10880 FT2 TAP ER 323 I
SPAN 329- 10 t/c AVE 10 S.C B
SWEEP 26° MAC 430.7 IN BL
AR 10 AIRFOIL IR 53

C~E N G
BL 780 

~~~ 
-

Ic  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F R A C T I O N  SEM ISPAN

Figure 3-37. Baseline Wing Definition Structural Analysis
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3.4.3.1 Structural Desian Criteria

Structural Design Criteria were defined to a depth sufficient for preli n~inary

structural anal ys is. They are summarized in Figure 3-38 . Flight limit at uns

were derived from the planned operational usage. Design stresses were

selected such that fatigue and damage tolerance requirements of MIL-STD-

1530 were met. A maximum gross weight equal to the mission gross weight

was used so that payload was reduced for increased range. A 60 knot speed

margin for inadvertent upsets was provided . This could be reduced i f  full -

time speed-hold were specified for the control system . The discrete gust

criteria of MIL-A-8861A was used since the design usage is not yet defined

for the mission analysis criteria. So far as is known the proposed mission

should not result in higher gust requirements. This aspect of strategic

airlift should be investigated in case design gust velocity and fatigue

co ns ide r a t i ons have a more s ign if i ca nt impact  on s t r u c t u r e  wei ght than has

been assumed . 
V

• Meets MIL -A-008860A series of specifications

• Basic flight design weight equals maximum take-off weig ht

• Maximum take-off weight = 1 .480.000 lb V

• Maneuver load factors are +2.5 to —1 .0  ( l imit ) at basic fli ght desi gn wei ght

• Structural design speeds :

VH /M H = 300 keas ’.81

V L /M L 360 keas /. 91

• I)esign gust velocity at ~
T H 1M H

Ude = 50 ft sec (eas ) up to 20.000 ft

Ud e 43 ft sec t eas ) at 28.800 ft

Fb aur e 3-38. Structural Design C- tt~~-a Summary

I
-:
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3.4.3.2 Survey of Desi on Condit ions 

-

Tne a irframe must ultimatel y be strong enough fo~ a l l  f l iont con ditions

which can possib ly  occur wi th in  the fli ght envelope. past experience of

large transport aircraft was used to isolate the most probable conditions

which have a s igni f icant impact on structural design .

Figure 3—39 shows that maneuver condit ions were invest i gated at the lowest

equivalent airspeed , where aeroelastic relief is least ;  and at limit air-

speed , where unusual effects due to the highly cambered wing section may

provide critical l oads. The most critical mass distributions were : (a)

maximum combination of payload and fuel and (b) maximum payload and fuel

associated wi th the minimum f light weight.  Figure 3-39 also shows a taxi

condition that is analyzed with an incremental c.g. acceleration of .67 g

due to runway roughness. Experience with large aircraft indicates that the

1 g increment suggested in r-IIL-A-8862A only occurs with single axle main

gears. When multiple or truck-type gears are used the incrementa l loading

is reduced . The discrete gust conditions at V H are also shown in Fi gure 3-

39. The trade between the maximum gust velocity and the reduced gust

velocity combined with a higher lift curve slope at higher Mach number is

indicated . The complexity of the situation may be illustrated by the fact

that the 43 ft/sec gust is critical without considering aeroelasticity but

whe n aer oelas t i c ity is inc luded , gust loads are  less than maneuve r loads

j an d the 50 f t / sec gust results in greater loads than the 03 ft/sec gust.

V The critical cond~tions for wing design indicated in Ficurc 3-38 do not
V 

inc 1 ude toe e~
c ect o f wing a e r o e l a s t i c i t y.
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50 000 MANEUVERS so ooo GUSTS

-l Og / I / I

i CRITICAL 
~~~~~~~~~~ SEc~~~~~

~ 

~

•
2 /4 .6 .8 

CONDITION 

~~~ 
- 

~ 4 6 8
MACH NUMBER MACH NUMBER

CRITICAL CONDITION
ATr

~ = 2.5

ALL FLIGHT CONDITION S WITH 400.000 LB PAYLOAD
IA) WITH WING FUEL FOR MAXIMUM TAKEOFF WEIGHT
IB) WITH MINIMUM FUEL
TAX I CONDITION WITH FULL. WING FUEL
V A 2.5g STA L LSPEED
V H MAX SPEED FOR CONTINUOUS

OPERATI ON 
-- 

V L LIMIT SPEED

Figure 3.39. Design Condition Survey

3.4.3 .3 W in_g Structural Desian Program (ORACLE)

Ex perience with large swept win g aircraft  has shown that aeroe lasti city

must be included during the conceptual design phase of a new airplane . ~ 
-

multi -discipline series of design modules has been incorporated into the

ORACLE system . The system sizes a fully stressed wing structure such that

the aeroelastic desi gn loads are compatible with the actual stiffness of

the wing box . The information flow is shown -in Figure 3-40. Some of the

more signific ant features of the system are as follows :

1 . The only inputs required are the geometry , material propev~ti es.

and design conditi ons.

j 2. Dead weight lo ading and aerodynamic data r~av be inc ut Or comD -uc ec

internally ..

7
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I
3. :nitial (jig) twist can be accounted for if a cruise soan load inc

is specified .

4. In itial stiffness usually reflects a rig id struc ture . Convergence

to a fully stressed aeroelast ic solution usually occurs in 5

cycles.

5. The flutter check is performed by a separate program.

6. Secondary and non-optimum structure weight can be predicted when

suitable data on control surfaces is available.

~INPUT 
_ _ _ _ _ _ _ _ _

IREQUIRED I CALCULATE 
_________ 

~~~AN~~~ADING LOA~ ING

INPUT V CALCULATE 
I 

INPUT INPUT INPUT II INPUT
AIRPLANE ~~~ INITIAL DEA D WE IGH1 7 - DESIGN ST RUCTURAL- - ALLOWABLE

i GEOMETRY F TWIST 1 LOADING CONDITIONS -j GEOMETRY STRESSES

_ _  

- -  

_ _ __

V 

bV INPUT 
HECK 

~~~~~~~~~
[ CONVERGENCE I

OUTPUT

CALCULATE
______________V STIF FNESS
I 

_ _ _ _CHECK II

FLUTTER

______________ 
II 

INPUT
INI T IAL  II
STI FFNESS

~

- 

Figure 3-40. Wing Structura l Design Progra m

I
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3.4.3.4 Design Ultimate Win g Loads

The majori ty of the wing structure is critical unde r a 2 5  g mane uver at

stal l  speed and maximum gross weight .  Beam -type snear , bending momen t , anc

torsion are shown in Figure 3-41 . These loads include the e~~ect of improv ed

material properties on wing s t i f fness but do not reflect the use o~ active

controls for both design limit and fatigue manuever and gust load all eviation.

The critical design l oads are selected from a load survey which Covered 22

possible flight and ground conditions.

1.0x 106 . ._ -I.0 x 1o~
-J

z
.8 x ,o6 . z .8 x iO~2

El) \
\

~~.6x 106 . .6x

Z I SHEAR

.4 x  io6 . 
~~ . 4x  ~~ - \ ,

,
~~ >TORS ION

.2 x io6 ~ .2 x

/
/ ~~

w /
— —

-. —-- —. —
—-V V

a /.~ .4 .6 .8 1.0
‘
I 

FRACTION OF SEMI-SPAN

Figure 3-4 1. Design Ultimate Win gloads
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3.4.3.5 A ll owable Stresses for Wing Design

The allowab l e stresses used in ORACLE are presented in Figure 3-42. They

represent a 5~ improvement over those used for the Boeing 747. As such

they reflect an upper surface of 7075 and a l ower surface of 2024 aluminum

alloys. They also include the differences in detail design of tension

critical and compression critical structure , and construct ion techniques

used to improve damage tolerance.

80—

TENSION IN UPPER
60 ______TENSION IN 

COMPRESSION IN UPPER SURFACE

STRESS LOWER SURFACE

~~~~~~~~~~ ~° 
~
,,

~~~~~~~~~~COMPRESSION IN LOWER SURFACE

20~~/

10 20 30 40

APPLIED LOAD (LB/ IN)

Figure 3~42. Allo wable Stresses for Wing Design
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3.4.3.6 Wing Stress Si:~ng

Wing skin and spar web /thickness resul ting ~n a full y stressec de sig n are

shown in Figure 3—43. This data is used to compute the wei gh: of st’~uc:ur -

all y effective material . These results indicate skin thicknesses in excess

of .6 inches which are deemed excessive from a damage tolerance standpoint.

This indicates that further study is necessary before an actua l structure

for a very large airplane can be desi gned . The present wing configurati on

uses a thicKness distribution which minimizes structure weight based on

existing airplane sizes. It may be necessary to increase wing thickness

over the outboard panels to avoid excessively thick skin panels if these

cannot be reduced by adding more stiffening. Reduction in skin thickness

would reduce torsional stiffness which could create aeroelastic problems .

It is recommended that this aspect be studied in greater detail .

—LOWER SURFACE
SKIN 

1.0 - — UPPER SURFACE
THICKNESS

( IN) 
— —

FRACTION OF SEMISPAN

0.5- 
— FRONT SPAR

~~A R -REAR SPAR

THICK~~ESS 

0 1 0.2 0.3 0.4 0 5 0.6 0 7 08  0~ 1.0

FRACTION OF SEMISPAN

Figure 3-43. Baseline Win g Stress Sizing
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3.4.3.7 Compa rison of Structurally Sized and Class I Weights

Past experience is used to predict the weight of nor— optimum Structu re arc

wing ribs. To this is added tne weight of leading and trai l ing edge struct ur e

and control surfaces . This results in the wing weight shown in Figure 3-44.

As noted above , the loads used to size the structure do not refl ect

design and fatigue load reductions available from active controls. The

Class I wing weight also includes a reduction for improved analysis methods

above those used for current technology aircraft. Exercises to calibrate

the ORACLE prediction capability indicate that the wing weight will increase

about 10 percent between the conceptual phase and fabrication . This is due

to a variety of circumstances which are individually unpredictable. They

include such effects as new load conditions which result from actual wind

tunnel data .

Orac le prediction Weight (Ib)
Effect ive bending and shear material (stress sizing ) 135,236
Non-optimum weigh t and ribs 37,491
Total box weight 172,727
Secondar y structure - 49 ,790
Basic oracle we ight 222,517

Effect of load alleviation (—5.4% ) - 9,327
Effect of fatigue improvement (-2.7%) — 4,670
Effect of improved anal ysis methods (— 1.8%) - 3,109
Increase between P.D. and final weight (+10%) +17,273
Corrected orac le wei ght 222 ,684
Class I estimate 220,360

Figure 3-44. Baseline Wing Weig ht Validati on
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3. 4 .3.8 Flutter Ana lys is

A f lutter ana lys is  of the innovat ive A i rc ra f t  model 1044-0 13- 2 wing shows a

flutter speed which is below the required flutter speed . The wing flutter

speed for the critical condition , full fuel , is .71 V req. For zero fuel

the flutter speed is 1 .12 V req . Trade studies were run on the outboard

nacelle location which indicated that adequate flutter clearance could be

obtained by moving the outboard nacelle from 7l~ to 73~ of span. Moving

the outboard nacelle aft from its baseline l ocation had little effect on

flutter speed , Figure 3-45.

CHORDWISE . 
SPANW%SE

S

Vrqd V rqd 

1.0 

~~~~~~~~~~ DESI GN
S SOLUTION

280” 182” 71% ;6%

INCHES FORWARD OF LEADING EDGE PERCENT OF SPAN

S OUTBOARD NACELLE IN LET LOCAT ION

Figure 3-45. Effect of Outboard Nacelle Location on Flutter
- Speed

I
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3.4.4 Design Validation Summa ry

The design validation process indic ate c the need for con figurati on changes

The body cross section ~as drawn initiall y with a l ower lobe radius too

large to provide an efficient structure at l ower cabin altitudes . Increasin ~
the curvature of the l ower lobe , although compromising the potential for a

kneeled deck height , produced a fuselage structure which was approximately

25 ,000 lb. lighter .

The landing gear arrangement , in order to achieve pavement stress levels

and LCNs comparable to the 747, required additional off sets and larger

tires. This increased the landing gear system weight by 1400 lb.

The detailed weights buildup resulting from the Class II analysis show a

difference of 48,000 lbs. compared to the initial baseline weight s . This

when resized to 6200 nmi , resulted in a gross wei ght of 1.62 million lbs.

Including the design changes due to reduction of the body cross St tiofl

l ower lobe radius and the increase in the landing gear group weight produced

a net decrease in operating weight. This , when the design was resized

produced a decrease in OW of 27,000 lbs. The net result of the increase in

OW due to detailed weight anal ysis , design changes , and resizing, resulted

in a net increase in OW to 629,000 lbs. and an increase in take off gross

weight to 1.54 million lbs., compared to the initial base line gross wei ght

of 1.48 million lbs.

This validation process is illustrated on Figures 3—46 and the weight

brea kdown shown on Tabl e 3-2. The group weight summary is shown on Table 3-3.

The initial OW was increased by S.l~ and the gross weicnt by 3.3~ 5’.’ the

va~idation process. These are considered to be well with in the level of

accuracy c~ tie ana l /tical technique and engineering data used in ;he stuc~ .
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Figure 3~46. Validation and Final Sizing Summary

Table 3-2. Summary Data Validation and Sizing Group Weight Statement —Res ized Design

• 1985 Techno logy

Airplane

Base ine Baseline Airplane Design Val idated
configurat ion configuration res ized for ~‘ianges and air p lane

Item param etric cI?ss I and II 6.200 nmi resizin g (Airplane (j) with
weights weights design cianges

analyses resizin g 4 or 6,200
nmi)

• Increase lower
Range nmi 6,200 5.460 6,200 I lobe depth 6,200

(Fa l l o uti
Wing area - I (—24 ,500 1W
135 psi ) ~.2 10,880 10 ,880 11 .882 I • ~~~lI~St landing 11 .3 24

— gear size to

(1W lb 581,700 629 .800 679 100 obiecr vve 629 000

Fa v ,jad lb 400.000 400 .000 400 , 000 -1400 W 400 .000
ue! lb 498, 300 450 200 536,900 • Res iz e reeised 515 .000

ai rol ane for I
6.200 nm -_______________

10GW h 1 . 480 000 480 .000 6 16 000 - - 7  000 b I 1 . 544 000
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Table 3-3. Group Weight Statement

Val idated Current Technology 1985 Technolog y
Model 1044-013 Weights (Lb ) Wei ghts (Lb)

Wing 260,000 232.700
Horizontal Tail 11,620 10,400
Vertical Tail 17,840 10,600
Body 184,530 177,700
Main Gear 60.250 58,260
Nose Gear 7,940 7,940
Nacelle or Eng Sect ion 23,100 23,100
Air Induction

Structure (559,200) (520,700)

Engine ‘ 58,820 58,820
Engine Accesso ries 720 720
Fuel System 4,960 4.960
Engine Controls 240 240
Starting System 160 160

Propulsion (64,900) (64,900 )

Auxiliary Power Unit 930 930
instruments & Nay Equip 860 860
Surface Controls 11,880 9,280
Hydraulic/Pneuma tic 7,870 5,510
Electrical 4,100 4,100
Avionics 3,450 3,450
Furnishin ~ & Equip 8,490 8,490
Air Cond & Anti-Icing 5,610 - 5,610
Auxiliary Gear & Tie Down Chains 1,770 1,770

Fixed Equipmen t (44 ,960) (40.000)

Weig ht Empty 669,060 625,600

Crew 1,290 1.290
Crew Provisions 180 180
Oil & Trapped Oil 500
Unavailable Fuel 1,400 1,430
Payload Provisions
Weapo n Bay Fuel Prov

Nàn-Exp Usefu i Load (3,370) (3,400)

Operating Weigh t 672,430 629,000

Payload (~ncl Exp Pen Aids ) 400,000 400,000
Fuel-Wing 471,570 515,000
Fuel.Body

Gross Weig ht 1.544,000 1,544,000

8t
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3.5.0 TECHNOLOGY ASSESSMENT

This section identifies , describes and quantifies specific advanced technolog y

concepts app licable to the next generation military logistics aircraf t.

Operational considerations and developmental costs are also presented to

assist in selection of those technology concepts to be incorporated in

specific point designs. The paragraphs which follow describe technology

advances which could be incorporated into a 1990-2000 b C  military air-

plane.

3.5.1 Wing Aerodynamics Design

Present day computational techniques include the effects of viscosity and

allow the design of optimum sections for any given application. Fi gure 3-

47 shows the progressive improvement in two-dimensional performance which

has taken place over the past twenty years . It is presented here as an

increase in critical Mach number at 1O~ thickneFs and zero sweep. This can

be adapted to a particular configuration to provide increased thickness for

reduced weight or reduced sweep back for improved low speed performance.

Figure 3-48 shows the comparison between conventional three -dimensional

wing performance and what would be available if every section of the wing

were operating as i ts achievable two-dimensional performance.

3.5.1.1 Improvement Options

Increased fuel costs will continued to drive a trend towa rd higher value of

wing aspect ratio. The trade between wing weight and aerodynamic efficiency

must be evaluated in the economic frame predicted for the years of service.

A powerful effect in reducing weight penalties for hi gh aspect ratio w ill

be the introduction of active controls both for flutter suppress ion and

cust or maneuver load alleviation .
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Figure 3-48. Three-Dimensional Wing Performance
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Another means of obtaining hi gh aspect ratio is the use o the bracea w in g.

It may be possible to des ign the strut pro fi le so as to maintain natural

lam inar flow.

Laminar flow control by means of suction is today considered feasible , but

a great deal of development work is required to identif y an efficient

structural arrangement which incorporates the required ducting. It should

be considered as an attractive possibility for the 1995-2000 IOC time

frame .

3.5.1.2 Low Speed

The opportunities for improvement in low speed desi gn are subs tan ti al and

are indicated in Figure 3-49 which compares levels of lift/drag ratio

currentl y achieved with the maximum attainable. Improvements will occur

from the elimination of flap cutouts , larger flap span and increased flap

efficiency from better detailed design and the addition of non-planar

features such as vertica l fins at the extremes of flap segments.

- 
ASPECT—RATIO 8.0
WI NO SW EEP - 35°

2 - NON PLANA R INDUCED DRAG

20 ~~~~ 
-C 00

C~ — NONI DEA L CAMBER 
-

I AND S KJ N FR IC 1~~ON I

1 6 -  
~( ~~~~~~~~~~~~~~~~~~~~~~~~~~~ / BODY CUT OUT

~~~ /
L O  

~L /

:{~~~~~~

0150

Figure 3-49. Low Speed. High- Lift Configuration
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I
3.5.2 Emoennaae

The four—e nained high — asoect ratio wing d.esign r’eauires a ~arQer ve~tical

tail un less automatic control systems can be relied upon to counter the

effect of engine failure at takeoff. Relaxed longitudinal static stability

will minimize horizontal tail size. Careful aerodynamic design will eliminate

unfavorable interference and minimize trim drag. The horizontal tail must

be as carefull y shaped as the wing. This will entail a detailed knowledge

of the downwash field of the wing and the flows induced by the boattailing

of the aft body . Afterbody lines are a critical aspect of efficient military

transport design due to the requirements of aft loading , airdrop, and missile

l aunch.
3.5.3 Propulsion
3.5.3.1 Nacelle Design
Integration of the propulsion nacelle on the wing currently receives a

great dea l of design consideration. Spanwise nacelle pos itionin g and strut

stiffness are important parameters in flutter characteristics. Ir. both

overwing and under~iing installations, the design must be carefully tailored

to obtain best overall performance. Figure 3—50 shows as an example a

strut—mounted over-wing configuration where the final contour lines provide

a better crit ical Mach number than tha t of the wing a l one . -

- 

WI NC-BODY
- SYMM ETR IC WI NG-B ODY

NACELLE A N DSTRUT ALONE
- 5 WI NG-BO DY

\‘ \ CONTOURED

\ \

\I. \
\

‘ 12 74 76 76 d~ ~2 ~i

C R I T I C A L  MACIl II(~MBER

Figure 3-50. Drag Effect of Contour/rig Overwing Strut-
Mounted Nacelles
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3.5 .3.2 Pro cu is ion Tecnno locv

Imo rovec a nal ytica ~ aerodynam~c anc m echan i cal de si cn techniques w i l ~ lea d

to significant imo rovements in S~~ -.-~itn sma l l -caucc ion s i n  wei ght. These

improvements result ~ron improved blade ti c and intra -olade row anal ytica l

design procedures , providing increased component load factors and e~~i-

ciencies. Blades will be locally shaped to reduce the loads assoc iated

with part span shrouds where these are required .

Application of advanced flow field prediction procedurc~ to the internal

and external flow regimes of a nacelle installation will minimize inst alled

SFC . The use of 3-D viscous flow procedures w i l l  enable the complex geometry -

of the internal exhaust mixers to be optimized to achieve maximum net

thrust.

Advances in engine hot section design will improve thrust and SEC by reducing -

cooling flow requirements and allow increases of up to 300°F in turbine

inlet temperature .

Engine life cycle cost estimation during development can be used to identi y

those technologies which provide additional performance at acceptable

costs , to understand how the costs vary in different applications , and to

assist in logistic and maintenance studies.

Appendix C is a description of the 1985 technology engines.

-I
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3.5.4 Structure s Technology

The use of aovanced struc tu ral m ate r ia ls w ”fl lea d to weich : reductions in

afl component s of the airo~ane. Hi gh purity alumin um alloys having hi gner

strength and toughness , are now in the labora tory stage and should be ready

for use in the ~985 technology bcseline. Graphite -epoxy honeycomb structure

wi l l nave increasing application as more design data and experience is

obtained , but production status will probebl y not be achieved until 1990 or

l a t e r . Composite primary structure will be 15 to 25; lighter than aluminum

structure .

Maneuver load control w ill redistribute wing lift by moving the center o~
li - F t inboard and thus reduce wing bending moments. Gust load contrc l will

reduce peak transient loads in the airplane while fatigue life will be

increased by the use of active controls to reduce the amplitude and number

of transient bending cycles due to continuous turbulence. Flutter mode

suppression will actively damp flutter modes using the aerodynamic control

surfaces . These items will all emerge from development work integrating

structure , aerodynamic and flight control technologies .

Improved performance and l owered airframe weight will be obtained in the

1985 time frame through smaller control surface areas and reduced wing box

weight.

More powerful stability analysis techniques will provide new data for

optimi zation of skin panels , win g ribs and body frames. Pressurized cabin

stress anal ysis w ill provide more detailed definition of the 5I~~ fl stress
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distribution , improved finite element anal ysis will be aimed a: better

orediction of stresses at ultimate load. Damage tolerance anal ysi s w~ li

provide data for body pressure l oading and could result in reduct ions c~
to l0~ in body skin gage in pressure critical areas.

The overall reduction in structure weight which might accrue from these

developments might be expected to be in the range of l5~: to 20~ with an

upper limi t of 25%.

3.5.5 Mechanical Electrical Systems

3.5.5.1 Secondary Power

The introduction of active controls for flutter suppression and gust or

aerodynamic maneuver load alleviation will impose greater demands on the

seconda ry power systems . Achieving these requirements wi th present day

hydraulic and/or electrical power systems technology would result in large

weight penalties in the power generation , distribution and actuation systems

3.5.5.2 Technology

The use of advanced high pressure hydraulic systems will reduce hydraulic

distribution and actuation system weight. Further weight reducti on will be

achieved through improved distribution systems using higher strength tubing

and f i t t ing and improved assembly techniques .

Use of stored energy devices such as flywheels could result in furthe

reduction in power distribution system we ight . Advanced ~luids w i t h

increased fire and erosion resistance will be ava i la b le  for i mo - ove d  sa ge:.

and reduced li fe cycle costs.
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Advanced variabl e soeed , constant frequency (VSCF) permanent magnet star :er_

generator systems w ill be available for incorpo ration into a 1985-1995

Techn ol o g~.- a irpl ane. This coup led with advanced mul tiplexing distribution

system and improved backup power technol ogy will result in considerable

elec trical system weight reduction.

Laminar flow control by means of suction will directl y affect the environ-

mental control system by its impact on bleed air requirements. Further ,

bleed extraction capability of future high bypass ratio engines is l ower

than for present day engines , thus resulting in greater operating penalty

from bleed air extraction.

Bleed air extraction and ECS weight will be reduced through use of advanced ,

on demand and centrall y controlled ECS systems incorporating :

• Cabin air recirculation through improved ’ filtration and cooling

concepts

• Advanced hybrid avionics cooling concepts

• Closed loop concepts

Improved steady state and t ransient ana lys is  techniques w i l l  a id  in ach iev ing

sign ificant secondary power systems weight reduction through improved load

requirements prediction. 
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3.5.5.3 Landing Gear Systems

Adva nced land ing gea r systems currently under study or in the development

pnase include:

• Limite d sli p skid control system and concepts for reduced tire

and brake wear and improved safety of operation .

• Advanced steering system concepts for improved runway operating

safety . Concepts for steering multiple main and nose gear are

required for large transport aircraft.

• Adaptive landing gear concepts for dynamic load alleviation on

rough runways and taxiways . Adaptation of these concepts will

improve structural fatigue life and reduce structure weight.

• Light weight composite carbon brakes offer considerable weight

savings and are currently under development to improve wea r life

and reduce production costs . The advanced skid control concepts

should reduce brake and tire wear by as much as 30 percent.

Brake weight is reduced by one-third with structural carbon heat

sink material.

3.5.5.4 Cargo Loading Systems

Advanced mechanisms analys is  for spat ia l  l inkages w i l l  aid in design of

kneeling systems , ramps and large cargo door actuation and loading mechanisms

for ou tsize cargo accommodation . Heads up display and indirect vie w ina

will permit relocation of the cockpit , thus permitting new schemes ~or

cargo loading systems .
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3 . 5 . ~ Technolog y Assessmen t  Summary

Detailed d~ scussi on of the technology assessme nt s are providec in App endix 8.

Summa ries of the anal ysis of technology contained in Appendix 8 are presen :eo

in Tables 3-4 and 3-5 . The columns on the ri ght side of these figures repre-

sent those technologies selected for the 1985 baseline and those selected - for

evaluation as advanced technologies , available for inclusion in a program

with an IOC from 1990-2000. The sun~nary for the 1985 baseline has been pre-

sented as Figure 2-18. The dollar values shown represent assessments of

dollars needed to develop the technologies, not the system development costs ,

or for example the engine development costs .

The specific advanced technologies identified for further eva luation as

Advanced Technologies are :

1 . Laminar Flow Control

2. Prop Fan

3. Advanced Composite Prima ry Structure.

Summing the potential system performance gains possible for the 1 9-3 5 and

1995 technology airplanes is difficult becaus e of uncer tainties in develo omert

risk , development costs , and integrated desi gn effects. However , the

potential exists for substantial gain s in aerodynamic , propulsion and

weight technology performance for the 1985 technology and nearly doubl e those

H gains are apparent for the 1995 techno 1og~ - but, at tecnn ology deve loonen:

costs between five and ten times that o tne 198 5 base. 

~~~~~~~~~~ -- -- - --——--
~~
-—--—--- ---- - — - ---



Table 3.4. Technology Assessment— 1

Selections ’
Probable Tech nology Date of Maturity for 1985 Selections

- 
Tech for 1995

197~ 1980 198~s 1990 Baseline Mv system

Aerod ynamic Tech: 
-

Var ia ble cambe r ‘ ~“High AR
Wing tip fins
Adv airfoils t Lo .~~ M V
Adv air fo il s (H i ~ M~ 7
LFC V

Bodv BLC 9 1-’
Adv aero methods V k’

Potential petfoimance improvemen t 9~ M L D 25~ -3S~ M L ‘0
R&D cost . dollars IOM .20M 120M 240M . -

Propu lsion Tech :
Adv component aerodynamics V I.” 1-’
Adv materia ls V b’

Electronic fuel con t rol V I—’
EngIairf rame structure integration - V 1”
Improved Nacelle ae rodynamics V I-’
New eng (TF ( development I-’
New eng (Prop / fan ) development b’

Poten t ia l perf improvement 12 l6~ SFC -

R&D cost . dolla rs SO(J M.800St lS.20m SFC

~00M- 1 000 M

Table 3-5. Tech,io/agy Assessrnent—2

Selections SePr obabl e Technology Date of Maturi ty ~,r~ 985 f 199 5
1975 1980

__
1985 1990 - Baseline Mv System

Structures Technoh~gy
Active contro Ls 1—”

Improved alloys ‘
~ ~~

‘ 
-

Composite primar y st ructu re
Structura l arrangement ~“
Adv st ructural anal y methods 1-’
Manufacturing improvements i.— I

Potentia l weight improvement ~~ ~~~~~~~~~~ 
20-3O~ struct

R&D cost—DoUa rs 18M-24M 1 70M-3 20M
Mech/Elec Systems Techno lor,,

Secondar y power and control
4 system mechaniza tion V I—

_

ECS — avionics cooling v fr’

Landing gear systems
Potential perI/ weigh t impro vement 

- 
1~~ 3~ SFC. ~~Wi 4000

R&D cost — Dollars 14M .25 M

0 ’
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4.0-Summary-Advance d Technology ,
Design and Mission Sensitivity

Advanced technology and design innovation
• Prop fan
• Advanced composites
• Laminar flow contr ol
• Improved low-speed aerodynamics
• Boost engines

- 
Strut-braced wings

• ACLS
Mission sensitivity
• Pay load and ran ge
• Endurance
• Field length

4.0.0 ADVANCED TEC4iNOLOGY , DESIGN AND MISSION SENSITIVITY -

The definition of the baseline configuration provided a basis upon which

innovative designs , advanced technology , and sensitivity of the baseline

mission to changes in mission criteria could be examined . Because of con-

currence in the study effort the initi al baseline was used as a reference

rather tha n the validated design.

(J3 



4. 1 - C ADVANCED TECH~OL0GY A~D DESIG~
The approach used the baseline configuration and planforrn to evaluate the

innovative designs rather than reconfiguring f o r  each desi gn. However ,

exceptions were made in the case of the propfan , where a low Mach number (LCC)

configuration as well as a hi gh Mach number (DOC) configuration were considered ;

and the LFC configuration where l ower wing loadings were advisable in order to

fairly evaluate the technology and design. Al so , a higher aspect ratio wing

was used in the case of the strut braced wing.

4.1.1 Prop Fan

Considerabl e effort has gone into the exploratory design of a new fami ly of

turbo prop engines which mi ght provide a si gnificantly improved energy efficiency

over that of high by pass ratio turbofans , References 5 and 6. An evaluation

was made of a prop fan variation of the baseline configuration as shown in

Figure 4-1. The improved capability of the propfa n operating at M~0.8O was a

6~ increase in range over the turbo fan eng ine. A heavier operating weight was

caused primarily by the heavier engine/gear box/propeller installation of the

prop fan. An 11% reduction in SEC was used in calculating the performance of

the propfan con-figuration , Figure C-l , Appendix C. -
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The impact of prop-fan propulsion was also consid ered for endurance mi ssio n s

where a l ower cruise Mach number might show the propfan to better adven :aae .

A propfan configuration based on a design optimized to minimize life cycle

cost was used to illustrate the significance of cruise Mach number because of

its l ower cruise Mach number. This confi guration is shown in Figure ~-l

with turbo fan propulsion. Figure 4-2 shows the variation of endurance with

radius of action for both the low speed LOC and higher speed DOC designs. The

radius at zero time on station is improved from 3100 to 3200 nautical mi les~~
for Mcr i s  = 0.80 and from 3100 to 3400 nautical miles at M .  = 0.70.

The major impact of propfan technology , however , occurs for station keeping

missions. The propfa n can improve zero radius endurance from 15 hours to 22

hours, or 45~ , over a DOC configured turbofan , or slightly less than that when

compared to a LCC configured turbofan.

4.1.2 Advanced Composite Primary Structure

Considerabl e research has been devoted to the use of boron and graphite

filaments in light weight composite structure for aircraft . The NASA has made

advanced composite structures a keystone of its Aircraft Energy Efficiency

program (ACEE), and its flight demonstration program for composite primary is

scheduled for completion by the mid 1980’s. Secondary structure and empennage 
-

components are already being flight evaluated . The purpose of this evaluation

was to illustrate the improved capability which might be possible from the use

of advanced composite structures for an Advanced Military Transport.

(1) Pay load is 400,000 lbs in and out.
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The 1~ 35 tec hnology implicit in the baseline inc iudec weian t all owan ces for

com posite control surfaces. The Adva nced Composit e Design added to that :

1) wing an d empennage primary structure , and 2) adci tio nal secondary structure

such as nace iles. The configu ration , showing those areas ir which advanced

composites are used , is shown in Figure 4-3.

if
RA DIUS/EQUIV. RANGE 3,95016,800 NM
10GW 1,480 ,000 LB -:1
OW 536,900 LB
PAYLOAD 400 ,000 LB

M 8 1 @  

~~~~~~~~ SQ FT 

~~~~~~~~~~~~~~~
ENGINES 4 @ 81 800 SLST 

~~~~~~~~~~~~~~~~~~~~~~~~~~~
PR I MA RY STRU CTURE 

-
*~~~~

~~~ CONTROL SURFACES
~~~ SECO N DA R Y STR UC TURE

329-10”— - 
~1 280’ -O” -

_ _ _ _  L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~OUR 8-FT [ 160’ -0’~ -1CA RGO LA N ES 10 7 CARGO FLOOR

Figure 4-3. Model 1044-019 Composite Structures Airplane
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‘~e 5oe~r :  Ccmc anv eAo er~ence in advanced composite structure s has in d ica ced

tnat ~‘eE1Cflt sav ings can be realized as ni gh as 3O~ over conventional alu mi num

Prima ry structu re. Ficure ~—4 shows a Boeing designed and manufactured wing

box section which had a savings of 3Ol~ in weight. Similarly, savings on tne

order of l5~ have been realized in non -load carrying structures. In this

analysis it was assumed that weight savings of 25~i and l5l~ over conventional

aluminum structure could be realized in primary and secondary structure res—

pec,tively. The improvement in range amounts to about l3~ over the 1985 base—

line. The impac t of advanced composite s on gross weight is shown on Figure

4—5 for including the wi ng as well as the empennage as composite. The

improvement is significant and amounts to a 6~ reduction in gross weight.

‘I.

Figure 4-4 . Wing 5ox Structure
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1985 TECHNOLOGY~~ -

1.5 DESIGN POINT— _/
‘ 

~/ 7

TOGW
(10 6 Ib) 

/ 
I” 1995 COMPOSITE1.4 1 / /~

—
~~ 

PRIMARY STRUCTURE

/
/ JP’N. — WING

1.3 - EMPENNAGE

1.2 /

RANGE (1000 NAUTICAL MILES )

Figure 4-5. Effect of Structural Technology Take-Off Gross Weigh t

Figure 4-6 shows the impact of advanced composite technology on study DOC.

Approximately 7~ reduction in DOC is realizable at the design condition ,

assuming that no increase in airplane cost occurs as a result of the use of

composite structure. In fact, most observers are in agreement that the costs

w i l l  be higher although the labor l evel may be reduced . This will be d i s cu ssed

in Section 7.0.0 of this report .

The assumption that only the wing , empennage and secondary structure wi l l be

manufactured from advanc ed composites is conservative but represe nts a mor e

realisti c assum ption tha n a lO0~ conco site des icr .
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Figure 4-6. Effect of Structural Technology

4.1 .3 Laminar Flow Control

Numerous stud~es and flight demonstrations, Reference 7, have indicated that

a great potential for improved performance of long range aircraft can be

achieved if the boundary l ayer can be converted to maintain a high degree of

laminar flow with the resulting reduction in skin friction. Laminar Flow

Control (LFC) is one of the areas undergoing intensive investigation by NASA

under the ACEE program , and the A ir For ce Flight Dynamics Laboratory , Ref-

erence 8. The evaluation in this study is an adaptation of the preliminary

resu lts of Reference 8 to the mission and technology ground rules specified

for this study. Specifically, in Reference 8 it was s h o w n  that L~~C is shown

to best advantage when introduced on a design u :ili: ina a low -,-~in; b a-t in:

because o~ the laroer laminari zed areas ava il able.
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The system envis ioned , Figure °-7 , based on the work of Reference ~~~, in co --

porated four suction pump engines and four suction pumps d i s tni b ~ted or tne

trailing edges of the winç, and one each in the aft body . Slots in tne upper

and lower surfaces of the wing and empennage surfaces provided the means by

which low energy turbulent boundary la yer air could be removed by suction ,

reducing the momentum flux in the boundary layer and providing for a laminar

boundary layer over the wing. 
-

At this stage in the work of Reference 8, the overall system weight of the
2

suc tion system is undefined . However , a nominal value of 1 .5 lbs/fr 0,

laminarized area was selected as being typical of the weight which might be

expected . Laminar flow was assumed to exist over the forward 7O~ of the wing

and empennage surfaces.

The LFC configuration -is-shown in Figure 4—8 . It retains the essential

features of the Baseline except for the change in the wing planform and

increases the number of landing gear posts from 6 to 8 because of the

increased gross we i ght. The wing plan form and cruise Mach number are those

of the min imum fuel design discussed in Section 2.2.3 which approximates the

plan form selec ted as Optimum in Refererlce 8. An increase of 1250 miii range,

about 20~, resul ts from the inclusion of LFC into the baseline design , based

on the assumptions described above.

A compa rison was made on the basis of radius of action and endu rance between

the turbulent f lo w  minimum fuel design , and the desi gn incorporat ir: ~FC.

This comparison is s hown on Fi gure -~-9 .
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The bene~its c~ LFC in term s of improved endurance and rad iu s ca~ab ib ~ t .’

a re substantial , about 2O~ , as shown in Figure ~—9.

- 25- -

20

c DOC AIRPLANE (W/S 136. AR = 10)
15 -MIN FU EL A IRPLANE (W/S = 100 AR ‘- 12)

ON STA T ION 8O~ 14~
(HOUR S( ‘ \\ ~ ~

- L A M I N A R  FLOW C O N T R O L
10-

\\~~~~~

\

\\\
\\\
\\\

0 2 3 4 5 6
RADIUS (1000 NAUTICAL MI LES )

Figure 4.9, Impact of Lam/ n m F/o w Control on Endu.-ance
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4.1.4 Advanced Low Soeed Aerodynamics

Cons iderable inter est has existed in the use of low wing loading de signs ,

which incor porate a simplified hi gh lift system . These designs operate at

lif t coefficients at lift-off , cons iderably l ower tha n those availabl e

through current high lift technology . This approach has several intrinsic

meri ts , since a simplified flap system would provide significant improve-

men ts in weight and cost.

The take-off rules under which this study was conducted , M IL-C-5 Ol lA , did not

prov ide for the additional requirements which are imposed by the ATA/FAR rules

and therefore do not fairly evaluate the improvement available from low CL~
H igh L,’D systems .

However , an attempt was made to evaluate the impact of operating at a lo wer C~
and the improved L/D associated with that CL. The relationship between C, and

L/D for various flap technologies is that shown in Figure 3-49. The envelo pe

of the curves was used for this analysis.

I
Figure 4-10 is a carpet plot showing the relationship existing between TI ’W and

W/S and maximum takeoff gross weight for the baseline configuration. The

baseline design point of 1.48 millio n lbs. is indicated whicn , usin g conven-

tional flaps , achieved a CL at li ft -o ff of 2.0 and an L/D of 11. 0. Reduc inc

the CL to 1 .5 allows a l i ghte - flap system arc , ~o~- the same .~~S, a low e-

cross weigh :, hence, ;ni tin : on e  carpet downward .
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Figure 4.10. The Effect of Low Speed Aerodynamics

Superimposed upon the carpet in dashed lines is the T/W and W/S relationshi p

resulting from using a simpler and lighter flap system , representative of a

CL level at lift off of 1.5 and an L/D of 15.0. Although lighter at given

wing loadings , in order to achieve the 8000 ft take off , a lo wer wi ng load ing,

and/or a higher thrust/weight is required . The overall result is -a takeo ff

gross weight approximately 3~ heavier than if the more complex flap desi gn

were used . Hence the possible payoff of the approach necessaril y reauires a

detailed examination of the effect of flap complexity on overall system acqui-

sition and other ccsts , as balanced against heavier system weight.

Fur ther , the real advantage o~ advanced low—speed , h ia n — li ft ~vs:ems li es

reduc ing the se’,’e nio ~ of the c on s t ’ain t imposed by se-:ond seoment cI i~iib

requi ’eme rt s and is not -e~~ec~ eo by M~ i— C -~ C il- ~ rule ~ .
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-. .l .5 Boost Engines

As has been snow n earl i er , the baseline design is size : c~-~ --a”~ l , ’ o.— one

takeoff constraint. The engine size , if matched f3- c’-ui se. ~iC u i~~ ~es~
’t in  ~

T/W si gnificantl y less than that wh ich was required on tnc Dese lin o . Th~~S

reduction would im pact the design and result in a sig ni~ ic~noi y li cn te ’- :‘-oss

weight. During the late l960 s an experimenta l boost enc 7ne , one ‘J?9 , wnic .n

had extremely high engine T/W - on the order of 15 , was ce’.’elope d . This

portion of the study is a preliminary evaluation o~ the use o~ ;uch a boost

engine to provide for a closer match between c’-~ise and ta~,eof~.

Four 15 ,000 lb boost engines were included in the base line cor i~ uratio n

mounted in the aft portion of the fuselage. The design was then resizec . Tn e

carpet plot which illustrates the effect of the resizing is shown on Figure

4—11. As shown , the gross weight of the boosted configuration is slightl y

higher than that of the baseline . However , the takeoff constraint is substan-

tially reduced and provides for a gross weight 100 ,000 lbs lighter than the

baseline , while at approximately the same wing loading. A signi f icant point is

that the reduced T/W results in engine sizes which are in the size range which

can be achieved by growth versions of the current generation of hi gh by-pass

ratio engines. - 

—

/

As in the case of the previous evaluation additional anal ys i s o~ the cost

imPact due to increase propulsion system comp lexi :-.’ .- versus one re-:u cticn ~ “

aircra~ t weignt, is needed t : further evaluate tnis inn c ’,at ive conce ct.
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Figure 4. 77 Advanced Design; The Effect of Boost Engines

4.1.6 Strut Braced Wi n~s 
-

Although ident if ying a strut braced wing as innovative may seem somewhat

inverted , in fact the h igh aspect ratios and the resulting L/D wh ich can be

achieved with strut bracin g of the wing of the baseline are attractive. In

addition , it is an improvement which can be instigated in the near term .

Recent studies , Reference 9, have shown that strut configurations can be

designed which avoid nacelle-strut interfere nce and which have minimum inter- 
—

ference drag . A typical strut confi guration is shown in Fi gure 7- . a

con figuration devised for cryogenic fuels , and is included here merel ,- c- r

il l ustrative our:oses.
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The impact of strut braci ng the wi ng on endurance iE snown ~~~r Figure 0 - ?

showing the radius of action to be increased by 200 nmi or - A co i t i o r - al

analys is of this concept is discussed in Section 7.0.

20

15 -\

— DOC AIRPLANE (AR = 10)
T IMEON \ /

STATION (HOURS) \ / STRUT — BRACED WING (AR =15)

6

RADIUS (1 ,000 NMI)

Figure 4- 12 Advance Design Sensitivity: Stru t Braced Wing
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1 . 7 Ai r Cus nion ~an oinc System

Su~ficienz data was not ava~ la b le to provide other than a feasibility analysis

of the use of an air cushion landing gear on the baseline confi gura tion. One

of the major questions remai ning is the durabilit y of the cushion skirts.

Figures 4-13 through 4— 16 show desig n sketches illustratin g an innovative

design approach to ut ilizing ACLS on the baseline. In this approach the air

bay skirt is deployed during land ing by a can~ilevered outrigger beam which

rotates outward and locks in place for landing. Retractable supports are also

deployed after land ing to provide stability during loading.

/ 
_ _ _  _ _

- 
Fr ~~~~ 

-_ --_- -_-

__

-

- 
/

1

Figure 4-1 3 Air Cushion Landing Gear .- To roidu / Tiunk Configurat ion
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1 SKIRT ARE

/ -- ____ 

SEGMENTED

FRONT OR AFT 1/ ,i-’.-~-~ /~~~
-‘. CA N T I LEVERE DA IR BAG SKIRT -, -, OUTRIGGER BEAM

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~

(I_-’4

FRONT AND AFT
SIDE SEGMENT 100’~HAS PROTRUSION TO

- 
PLUG GAP AT CORNERS

_ _ _ _ _ _ _ _ _  BO0”~~~~~~ 
H

Figure 4-14. Air Cushion Landing Gear Outrigger

FOR WARD AND A FT
SKIRTS ARE DR AWN
I N W A R D  BY CABLE
FOR RETRACT ION

~~. \\

~~~~ u
v — OUTRIGGER ROTATES

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
- ONTO FORWARD

- 

~~~~~~~~~~~~~~~~~~~~~ ~ 

FOR RETRACTION

Figure 4.15. A/r Cushion Landing Gear ~L’e:hod of Retraction
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Figure 4.16. Air Cushion Landing Gear — Baseline Installation

4.2.0 MISSION SENSITIVITY

Mission sensitivity is defined for this study as the capability of the baseline

design to perform missions requiring other pay loads , ranges and field lengths ,

as distinguished from varying the design characteristics to match variations in

m ission.

4.2.1 Payload Range -

The classic variation between payload and range is typical of mission sensi-

tivity and is shown in Figure 4-17. The constant payload portion o~ the curve

is determined by the 2.5 g maneuver load factor and the structural capabilit y

of the design. The second segment of the curve is the trade between ~uel and

payload at contano gross weight of 1. 48 million lbs. At the junction of the

second and third segments of the pay load range curve , the trade o ca ;i ca-c ~oi-

fuel reached tne point where ~aximum fuel capacity has been reached . Eeic ” :

tnis poi nt , one of- — lcac ing o acc it ional ~avioa d re-cuces tre cross - -.-e~cnt

_  
— ~__~~ _I 

- - -~~~~----
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one a irpian a (~ ue1 at maximum capacity), thus accountinc for one sma ll inc~emeno

of range improvement. The ferry range is shown aS 12 ,500 n~ i at zero c a - load.

M= 2.5
-~~ 

PAY LOAD—”~
-

~~ 
L 

CONSTANT

GROSS WEIGHT CONSTANT
PAYLOAD GW = 1,480,000 lb

(100 ,000 POUNDS) -2

— 1 —

F U E L  CONSTANT

o I I
0 2 4 6 8 10 12

RANGE (1 ,000 NMI)

Figure 4- 77. Mission Sensitivity — Payload/Range
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8000 - 

~~~~~~~~~~~~~~~~~ ,,
//
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/ 
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6000
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5000 -

PAYLOAD CONSTANT = 400,000 lb
4000 -

2000 -

I I I I
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-igiire 4- 78. /V ,ss,on Sensitivity — Takeoff Performance

11

~~~~~~ -
----- - -- -~~~~~- —--—— - — -------

~~~~~~~~~ - — - — - -—------- -~~ -— --—-‘---—------- - - - —--~~~—---.--- ---~~~~~ --—-



- - - —  IT - -  -
~~

------
~~~~

- - - - - - ---- ,._._ 
______________

4 .2.2 Takeoff Fi eld Len-;on

Figure ~-i9 shows the va riation of Mil -C -5 01lA takeoff distance wi tfl one

constant pay load , consta rt gross wei gh t and constan t fuel portions of the

payload range relationships shown on the previous figure. Of particular interest

is the fact that at short ranges , on the order ~ f 1000 nm i , takeoff field

lengths as low as 4000 feet can be achieved with 400,000 lbs of pay load.

Appendix D shows the related fuel burn and block times.

An interesting comparison is made on Figure 4-20 where the mission capability

of the C-5A is shown in terms of payload and fuel efficiency indicating an

increase of 50~ is available.

Baselin e Configura tt on TOGW L480 .000 lb
Mu -C-Sal IA Rules

PAYLO A D~~100 .000 21— C-5ALBI 

~~~~~~~~~~~~~~~~~~~~~~~ 

lb

RANGE 1.000 NMII
4 _

TON-S. MIL E
LB FUEL 

-

~~~~~~~~~~ 5A 

1~0 
~ 

- I
RANGE ‘7000 NMII

Figure 4-1 9. Comparison of Base//ne with C- 5A
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5.0 Alternat e Milita ry Missions

• St ra teg ic Ballistic Missile

Aft dep loyment

Ext ernal Car riage

Vertical dep loyment

• Strateg ic Cru ise Missile

• Tactical
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:.o.: A L T E ~~~~~~A TE M I L I T A R Y  M I S S I O N S

A major interest in this study was the e.Kar’inao ion of the ap c l ica tion o~ an

aircraft , des i gned as an optimum military transport, to missions otner tnar

that for which it was primarily intended . The application to commercial

freight transportation will be d iscussed  in Sec t i on  5.0.0. This section will

discuss the applicability to strategic offensive , tactical , and command ,

control and communication (C 3) missions.

5.1.0 STRATEGIC OFFENSIVE APPLICATIONS

5.1 .1 Ballistic Missiles

USSR ca pability to achieve CEPs significantly reduced from first generation

ICBMs has generated a concern for the survivability of US land—base d ba ll istic

missiles. As a result , alternate modes of basing have been c~ is 4dered , focused

by Air Force studies on the MX missile system . MX studies have included

options for land -based mobile and air-launched mobi le basing. This section of

the study had as its objective the examination of the feasibility of launching

a ball istic missile, of the class considered for the MX , from a logistics

transport , such as the baseline design , considering the different nodes of

launch and the pena l t ies involved .

The mission scenario for strategic offensive launch is postulated to be:

1) fleet launch on warning; 2) loiter at radii less than 1000 nmi; 3) lau n cn

of missiles and return to base ; or ~
) return to base.

1 1 5
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The missiles which were considered are based on Boeina MX studies and a - a

shown in Figure S-i . The baseline miss ion chosen for this study was tne

180,000 lb , 90 inch missile.

Three launch methods were considered :

1) Aft egress with parachute extraction

2) Downward ejection through a missile bay

3) External carriage
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A R ECOMMENDATION8O0~- -

— LMINUTEMAN III-

- 
/~\ 

(\ 
~~~~~~~

~~~5O0 H H
~~~ 4OO - A 

— 
—- -

~~
- 

~~~~~~~~

~ 300 - -~~~- r

:~~~~ 

4

DI4~~~~~~~~~A~~~~~~~~A DIA D~~

60 000 78 .000 100 000 100 .000 150 . O~~ 200 000 180 000

W EIGHT POUNDS

Figure 5.1 Candidate ‘i-X Y~~~es — .~~r ‘I 1oo’ - -p

lIh

- - —----— --—-~~~~~~~~~



—~~~~~~~ ~a’” - ‘ - -—-—-- -— “=- - .‘ .~~ -- — — —— —

5. 1 . 1 ~ite rnate ~-~i ss i o n  ~er~ormance

The performance of the alternate mission is measured primaril y on the basis of

endurance or time on stations. Fi gure 5-2 shows the variation of time on

station versus radius of action as a function of gross payload. Also shown on

Fi gure 5-2 is the impact of optimizing the configuration to maximize loiter

Capabilities. As in the propfan discus sion of section 4.1.1 , the increase in

time on station occurs because loiter is maintained at maximum 
~~~~~~~~ 

where

maximum range occurs at maximum M L/D The loiter occurs at M 0.6, where

as cruise out occurs at N = 0.8.

25

LOITER PERFORMANC E OPTIMIZED

20 \ \ -
~ - DOC OPTIMIZ ED AIRPLANES

\ \ / /  
-

DESIGN POINT AIRPLANE DESCRIPTION \ >c~ /~
<\

DOC OPT LOIT OPT 
TIME 

15

ALE 

,;6 LB,FT 2 
~132 LB/FT 2 

~~~~~~~~~~~

RADIUS 17 .000 NAUTICAL MILES )

Figure 5-2 Loiter Per forrn3nce — A~ternate Mission Caoabi/ , tv
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:.l .l..~ ~a l1i s t c ~aunc h Conce ots

5.1 .1 .2 .1 Concept I: Parachute Launch

As part of the MX demonstration program , a N~inutema n missile -.-.as l a.~ncne : ~~~~

, arachute . ~fter the missile was ejected and stabilized , fir st ctace

ignition was successful.

Figure 5-3 illustrates this concept as appl i ed to the baseline configuration

carrying two MX missi les . This concept adapts well to a highl y common loc i s t i c s

configuration with an aft loading door.

• Basic capability : Two MX missiles
180,000 lb each

• Logistics mission capability retained

AFT CENTER DOOR RAISED , - ,AFT PRESSURE DOOR FOLDED DOWN FOR -

MISSILE EXTRACTION 5V PARAC HUTES

~ .— MISSILE EOU? PMENT AND
LAUNCH CONTROL MODULE SPECIAL RAIL AND

ROLLER SYSTEM n n

‘I FRONT RAMP
IREF ’  MID A I R  L- ~ LJNCH

- V L R T I C A L

Figure 5-3 Ballistic Missile C’arrier — Parachute L3urc ”
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5.1.1.2.2 Concept :1: ~ina Mounted

External carriage of two MX missiles appears to be a straiahtfor viard approa ch

to missile launch. It is the most effective way of launching the missiles

because of the initial ~V which is imparted to the missile.

In order to make possible the carriage of missil es , hard points must be

installed at the proper locations on the wing with the attendant increase in

structural weight . An increment in drag must also be considered . Figure 5-4

illustrates this concept.

• Basic capability 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MiSSl L E EQUIPMENT &Two MX missiles 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- —-

~~~ 
- LAUNCH CONTROL

180.000 lb each r -_ - -
~~~~~~ MODULE (MAIN DECK )

• Logistics mission — L . .  — .i -

capabiiit~ retained A A A
quick change ) L.~ ‘- — — — L

— — - _ \ _ - - —
~~ 

—

MX MISSILE \~
.

ONEON EACH WING — ___  
—

r—______ ~~~ -

\ ‘ ;~~\
\% \ . . -
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5.1 .1 . 2.3 Concept III: Bomb Bay Drop

The concept which requires the max imum modification to the logistics tran spo -:

design utilizes a bomb bay through wh ich the missile is dropped . The missiles

are guided to the bay by means of an overhead rail transfer system in cocnbina-

tion with floor tracks. Figure 5-5 shows this approach conceptua ll y.

• Basic capabilit y : Two MX missiles
180.000 lb each

• Derivative ai rplane. Aft carg o doors and ramp deleted .
Bomb bay and doors added.

MISSILE EQUIPMENT
AND LAUNCH CONTROL MISSILE TRANSFER &
MODULE LAUNCH SYSTEM

~ i ! ~ ( I~~~~C~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NOSE DOOR FLOO R 
-

MISSILE LOADING TRACKS

- - - - - -
-- —.~

Figure 5-5. Ballis t ic Missile Carrier Bomb Bay o-~ Drop
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5 .l. 3tratec~c C -~ ise ~i is si 1e

The concept of carry ing long range cruise miss iles in large subsonic airc raft

is one which has been under consideration for a number of years as an approacn

to enhance bomber effectiveness by diluting the threat.

A deployment system was devised to allow the launching of Air Launched Cruise

Missiles (ALCM) from the Baseli ne Aircraft. The concept involves insta llation

of a small launch door on each side of the fuselage through which the miss iles

are e jected.  Rotary launches s im i la r  to those used on the B-52/SRAM system

are postula ted 2 Figu re 5-6 shows a schematic of the deployment system .

~~~~~~
uRA;ON

ROLLERS AND TRACK - - — AGM-86A CLASS PIA
MISSILE , 8 PLACES
IN SRAM TYPE ROTARY
RACK

Figure 5-6. ALCM Launch Concept
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The rotary launchers are mounted on tracks and are circu lacec a~ t to :ne

launching station. After ejecting tne complement of eight ~i s s ii e 5 , cne

rotary launch er is removed and stored forwa rd . Another rotary r-ac~. i s  ~o-~e:.

to the launch platform and the launch sequence repeated . Fi gure 5- 7

shows a configuration for the baseline desi gn wh ich w i l l accommodate 18

rotary racks and 144 ALCMs.

EMPTY MISSILE RACK POSIT IO? U
EIGHT PLACES PER SIDE

LAUNCH CONTROL RAILS ON FLOOR — MISSILE LAUNCH DOOR
MODULE . 2 PLACES FOR MISSILE RACKS BOTH SIDES

- UMBILIcA l. SYSTEM
ELEC E L E X - A I R  COND— 

— L A T E R A L  TP~~~ S F E R  SV S ~~E .
FWD RAMP MISSILE RACK
REMOVED

8 MISSILES IN ROTARY RACK — —MISSILE LA U\ H
NINE PLACES PER SIDE DOOR

Figure 5-7. ALCM Carrier

The m iss ion  which is  postu la ted for ALCM capability involves fly-out to a

range of ap proximately 4,000 miles , loiter for sufficient time to launch al l

missiles and retu rn to base; or not launch missiles and return to base. :~
order to accon ol ish the large rad ius of action , the payload can be ‘eouced.

Ficu ’e 5— 13 sno.-.s tne c aoao ~ l itv of t ie Ease ’~ ne/cLCM svste”- w ’~~~ - I 2 ~ne

po si~ b ie cc’~ e—~e~~ ~~~~~~~~ A ~‘e-c u~ed ~O . t 3~ ~1so - -e-:.~:eE ‘~e atc- - -~~-

ros s o f :ne ~‘.se ~- a; ~ h~cn .- aI ~ e ta~ :e~ .

- i _____ —-~~~~~~~~~-
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5. . C  T A C T I CA L  ~
-
~ E A P O ~~ S Y S T E M

One of the particularl y interesting aspects of the use of a larqe io~ ist ic s

transport in an alternate role is its use in transporting tactical weapons

long distances rapidly. Such a system has been studied as part of the Micro -

fighter concept , Reference 10. The concept involves the airborne deploym ent

of a small , compact fighter type airc raft to provide instantaneous air superi-

ority in areas where ground basing and support is not available.

Figure 5-8 shows a schematic representation of a full payload of 26 micro-

fighters. - Figure 5-9 shows a typical microfighter design. Two deployment

bays are provided in order to enhance speed of deployment and to increase

reliability of operation. The launch sequence relies on an overhead rail

system to move the airc raft to the fore and aft launch stations. Each station

has an airlock to allow the fighter bay to be convenient for maintenance per-

sonnel to carry out their function unencumbered by extraneous equipment.

In order to achieve a deployment to Europe and return , a reduced complement of

microfighters would be required . Fi gure 5-13 , shows the capability of the

tactical derivative would be 12 microfighters deployed to Europe with the

capability to perform various missions for seven hours and return to CONUS.

Previous estimates have shown that approximately one sortie per airplane per

hour is possibl e which would provide for 75 to 100 sorties per mission depending

on the sortie character is t ics.

A similar analysis was performed with the fighter capa bility being provided

with F-l6 fighters. Eight F-l6 fi ghters could be deployed in a fashion

similar to that envisioned for the micr ofichter s and would provide a sort ie

capabi li t y proportionat ely less tha n that o~ tne nicrofi~ hters. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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AIRLOC K — OVERHEAD AIRLOC K
- RA I L  SYSTEM

— - NOSE EXTENSION LAU NC HIRET RI EVAL -
I 4 F E ET  DOOR CUTOUT

—MISSIOI~ EQUIPMENT
- — NOSE RAISED AND PERSONNEL

FOR LOADING ACCOMMODATIONS

—P R ESSU R EBU L K HEAD PRESSURE — - LA UNCH
WITH DOOR IN NOSE BULKHEAD R E T R I E V A L  BOOM

\ W ITH DOOR

- -
~~~
- ~~~~~~~~~~~~~~~~~~~~~~~

Figure 5-8. Tactical Carrier

ENG~~ E 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ARM AM ENT OPTIONS 
A/A M~~SILES

_________ - 17•6~ 29 -0

— LA UNCH /RET RIEVAL —
BOOM

Figure 5-9. Micro figh ter
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Figure 6-11 shows a conceptua l confi gu ration of a combined C3 and Tactica l /F-iS

capability illust rating the mode of operation and instal l at i on of the Tac :ical/

F-l6 system . Certainly one of the advantages of the wide cargo bays selected

for the baseline is the fl exibility of missions and the broad range of payloads

which can be carried , as ampl y illustrated by the Tactica l/F-l6 configuration.

5.3 .0 COMMAND , CONTROL AND COMMUNICATION (C 3)

Utilization of derivatives of existing airc raft for C3 missions has a prece-

dence which makes considerat ion a derivative of the lADS Baseline a reasonable

approach to ful fillment of C3 requirements. More particularly, the E-3A and

Advanced Airborne Command Posts were derivatives of the Boeing 707 and 747

respectively, as were the ori g inal Airborne Command Posts derivatives of the

C-135.

The approach taken to evaluate the capability of the lADS Baseline to fulfill

the C3 function was to assess the volume and payload requirements of the E-3A

and E-4B and determine how they might be combined into an i ntegrate d C3 capabi-

lity combining the functions of an Airborne Command Post and the E-3A ,

Figure 5—10.

Reference 11 had shown that a cheek mounted phased array surveillance radar

was a viabl e advanced technology capability to be considered for the C3

airplane.

A self defense capability was included as a possibl e a l te rna t ive  because the

C3 requirement provided sufficient additional pay load and volume. The concept

included two deployable F-l6 fighters which could be cycled to provide self

defense or tact ical capability . A schematic of this concept is shown in

Figure 6- 11, and a three view of the F-16 in Figure 5-l f o r  reference.
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- FIGHTER AIRP L BAY
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C3 EQUIPMENT AND - C A R G O A R EA O F C3 IS
PERSONNEL PROVISIONS EQUIV TO CARGO OF

/ AWACS AND E-4 B COMBINED
/

/

- - - 

- - 

~~~~~~~~~~~~~~~~~~~~ 

\ _

/ 

/ AWACS 9,785 FT3 N 
-

~~ 

- 

r-~~~ 
-
~

E-4B 35,500 FT 3 
- -

AWACS + E-4B 45,300 FT3

Figure 5-10. C3 Volume Comparison

~— PRESSURE — LAUNCH / RETRIEVAL

/ BULKHEAD DOOR CUTOUT

PHASED A R R A Y  F-lb FIGHTER . 2 PLACES — — PRESSURE
RADAR ANTENNA FIN FOLD PROVISIONS REQUIRED BULKHEAD

FOR GROUND LOADING INTO C A R R I E R

ANTENNAS — 
-

— F I X E D  
—

\ NOSE - LA UNCH/RETRIEVA L ~~~~~~ 
_

~
ROOM AND T RAVERSE

OPEN POSITiON

— C~~MISSION €Q UIPM ENrA ND -; 

LA U N C H . R E T R I EV A L

PERSONNEL ACCOMMODAT IONS 
-

- LAUNCH R E T R I EV A L
POSI TI ON

Figure 5-1 1. C3 Mission A irplane
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Figure 5-12. F- 16 Figh ter

The performance of the C
3 derivative is also shown on Figu re 5-13. The opera -

tional concept would provide for deployment from CONUS plus seven to ten hours

on station and return to base. The deployment of the command post alo ne would

provide a capability of a day aloft orbiti ng over CONUS.

If the C3 were configured for an ASW or sea surveilla nce and control capa-

bilit y times on station of 12 to 17 hours on station would be achievabl e at

radii of 2 to 3 thousand mile s.
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Figure 5- 13. Loiter Per formance
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6.0 Comme rcial Commonality

1. Commer cial baseline

Payload /range

Direct operating costs
- 2. lADS baseline

Payload /range
- 

LCC

3. Commercial derivative

Derivative impact ‘1

Weight increments

6.0.0 COMMERCIAL COMMONALITY

The application of military transports to commercial use has been a goal for

many years and has been attempted with vary ing degrees of success on a number

of airplanes during the past several decades. Generally speaking, the design

requirements imposed by military operations are such that a dec radat ion o

capability results relative to a competitive airframe , desi gned to commercial

rules.

129



- -  ~~
‘

- --

I
5 . 1 . 0  B;-: R-:

~~
- ’

~~:

The recent interest i n  a co’~mercia i dedicated air freighter , an a irciane

des i gned s pec i f i call y to carry air freight, has renewed interest i n  a tran s~c~-t

desi cn wni~ h wO~ l~ rav e a ~iah degree of comrno na1it~’ between the ‘rilitar y and

comercial versions.

In 1974 MAC genera ted a concept development paper entitled the “Military

Concept of the C-XX ” , Reference 12, which discussed the design requirements

which MAC would like to see included i n  a new commercial freighter . This

concept was premised on the assumption that a modern , efficient , commercial

frei ghter would generate a sufficiently large market that a large number of

freighters would be produced . Those freighters , then would provide MAC with a

major increase in surge capability through mutuall y beneficial arrangements

between the commercial and military sectors as has previously been the case

in the Civil Reserve Air Fl eet, (CRAF).

Recent projections of market developments, Reference 13 , have indicated that

numbers of commercial airfrei ghters sufficient to provide the incentive for a

major new commercial freight development program may not occur in the near

future. In addition , the profi tability of the Cargo A ir—Ca rriers , an essential

ingredient to a new development program , has not recently been strong because

of increases in the cos t of operat i ons .
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In order to generate t re necessary demand , a hi gh return on investnen : must

be generated which wil l in turn al ’ ow a l ower yield , or charge to the shiooe r ,

and thus encourage additional movement o~ airfrei ght. If a mi litary deve lop-

ment of an advanced trans port could offer significantl y l ower direct operating

cos ts , the application of that aircra ft to the commercia l market in the form

of a commercial derivative may play on the elasticity of the market in such a

way as to create a significant demand .

The purpose of this section o-F the study was to evaluate the compatibility of

the mi l ita~y transport design , as cha racterized by a commercial derivative of

the lADS baseline , against commercial needs; also , to evaluate t-he ir~act of

advanced technology on direct operating costs and thereby assess the attrac-

tiveness of the commercial derivative by comparison to other commercia l

freighter designs.

The inverse problem , that of evaluating the commonality of a commercial

freighter to a military derivative has been evaluated in Reference ‘3 an d

will not be treated in this study .

13;  
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Commercial commonalit y involves many more issues more than deter ’rm n ing tne

necessary we ight increments which can be traded between the ni litary ant

commercial confi gurations. Figure 6-1 schema t ica ll y ident i fies sone o~ tne

issues which might affect commercial commonality and all of which affect

the desi gn requirement; such as service life , flotation , need for drive

through capability; the operational concept , the maintenance plan , cargo

handling , and airfield compatibil ity.

- TA XI AV IRUNWAY SPACE ONICS AIRLINE
A(RPORT OPERATING
COMPATIBILITY RUL ES

/ RANGE
/ PAYLOAD

/ SERVIC E LIFE CROSS FIELD LENGTH
— / LOAD FACTOR SECT1ON

DRIVE THRU / / 711
• ~~~~~~~~~~~~~~~~~~~~ DEC K HE I GHT _~~~~

GROUND HANDLING 
- - 

HELD LENGTH

FLOTATION DESIGN DENSITY RULES
HIGH WING FL OOR LOADING

( / LOW WiNG

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~

—‘--- ----- - ALTERNATE MISSIONS
- 

• MISSILE LAUNCH
MAINTENANCE CONCEPT • REFUELING
ILS SPARES •A IR DROP

MARKET/SERVICE
PROGRAM TIMING

Figure 6-1. Commercial Commonality 
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6.2.0 i~~-S BA SELI~~

The baseline ~esi an was exercised on an AT~ mission tc determ ine the effect

of comme rcial rules on the mission range. General l y, the conmercia l miss i on

requires more reserve fuel than does the MIL -C-5O llA rule.

6.2.1 Commercial Derivative

A commercial freighter was derived from the lADS baseline by removing all

that equipment which might be easily removed . The philosophy for generatin g

a commercial derivative was as follows .

1 . -The initial developmen t was based on the need for a military

capability and the develo pment sponsored by and paid for by the

military.

2. Commercial interest existed for a commercial freighter whi ch might

be based on a derivative of a mil itary transport.

3. The commercial derivativ e was derived by removal of that military

equipment and structure from the military transport which could be

easily accomplished and did not entail major structural modification.

That equi pment could then be easily and quickly reinstat ed in time

of emergency . Both the military transport and the commercial

der ivative might well be built on the same production line with kit

changes from one configuration to another.

_ _ _ _ _
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F igure 6-2 shows those items which were considered as be ing easi l y -‘e’ro-.:atie .

While not beinc exhaus tive, the list is representative of the ‘racnitude o~

weight which might be gained by conversion and is in general agreement with

the studies of Reference 13 which considered a military derivative of a

commerc ial freighter for approximate l y the same pay loa d level .

Remove military carg o floor — 17 , 100
Remove tiedowns and rails — 4,260

Remove fo rward ramp — 27 ,900
Remove aft ramp — 27 ,570
Remove militar y cargo handling equi p — 1 ,750
Add commercial cargo hand ling system + 16 ,000

Total operating weight increment —62 ,580 lb

Ground Rules:

• Onl y easily removab le structure and equipm ent are
considered .

• Military specifications used for design of structure ,
systems , and equipmen t are unchanged .

Figure 6-2. Commerc ial Derivative Weigh t Increments
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The major changes in the configuration occur because the fore and aft ‘-a nos

are not needed for commercial operations , and the floor whi ch for the n i i itar ~,

transpo rt is desi gned for greater than 20,000 ~s i axle loa d s , ca r be ‘eplaced

by a lighter weight commercial floor desi gned for containers. Addi:ion a

study might well reveal additional i tems which might be removed . ~~so,

relax ing the “easily removable ” ground rule would result in additiona l

wei ght saving . As an example , Reference 13 was able to reduce the “scar

weight ” , or the incremental weight which a commercial frei ghter would carry

in order to facilita te installation of equipment providing a capability to

carry m ilitary vehicle, to the order of 5000 lbs. A typical exampl e of such

an opt imized commercial freighter is shown in Figure 6-3 , Reference 14.

MODEL 754-172P
ENGINES CF6-50 (4 )
THRUST 51 . 000 lbs -

~~~~~~

T.O .G.W. 1,079 ,400 lbs
O.E.W. 425,000 lbs - 

/
MAXIMUM PAYLOAD 415 ,300 lbs -

~~~~~~ / -

WING AR EA AR 9 ,250 ft 10.5 -
-

CRUISE SPEED M • 0.74 
______

CARGO CO MPARTMENT p 7 .5
41’ 1 - 

~~ —~ --J~----- — - ____________________

-~~~-.
_ -~~~~~~~~~~~~~ - - -~~~-~~ 

233 ’-4~~~ -- -— -~~~
- 311 ’- 8’— - - -

~~~~
- - - - - - - —

L 
_ _ _ _ _ _  

-~~~~~

1Q’ - 4’ T

~~~~~~~~~~~~~~ 
~~~~

“

7’ -1 0 ’ - -~ - - - 14 1~~8 ’  - ~~CAR GO FLO OR LENGTH

Figure 6-3. Typical Large Commercial Freighter
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6.2.2 Performance Comparison

The impact of thi s weight savings was determined by calculating the ~ncreased

payload capa b ility , us ing MIL—C- SOll A rules , and maintaining the design ~-a nae

at 6200 nm i. Figure 6—4 and 6— 5 show the impact on pay load range and uel

efficiency for the M IL-C- SO llA and ATA mission rules , respec tively.

5 , —

RA NGE (1,000 nmi) RANG E (1,000 nmi )

Figure 6-4. Commercial Derivative Comparison MIL~C-5O 1 1A Rules

_ _ _ _  

~!L 
~~~L F R ~~ G~~~ER~~~~~~~~~~~~~~~

ATA RANGE (1 ,000 nmi) ATA RANGE (1 ,000 nm,l

Figure 6-5. Ccrnrn e- - 

~ ~ er ’~a~ . e Comoar-son A T4 lnternat ’onai Ru/ es
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The m ilitary baseline , us ing M :L-C-5oliA r ule s , tne commerc ial derivative

using ATA international rules , and the previousl y discussed commercial

frei-~hter are shown for comparative purposes on Figures 6-5 and 6—6.

It should be noted that the commercial freighter is desi gned for a different

design point and has a technology base f ive years ear l ier .  Thi s technology

base includes a derivative of existing engines; not a new engine as is the

case of the 1 985 technology postulated for the study baseline.

When comparing commercial capability , a commonly used figure of merit is

Direct Operating Cost (DOC), wh ich for freighters is expressed in terms of

cents per ton mile (c/TM).’ The ton miles can be either ava ilable ton miles

(ATM), which is based on a lO0~ load factor , or revenue ton mil es (RTM),

w h i c h assume s some rea l i s t ic load fac to r .  T he y ield is the price which the

carrier charges the shipper and is composed of the DOC, the ind i rect opera t-

ing costs (b c), and carrier profit. Current yield on airfreigh t is running

at a level of about 17 to 2S c/RTM depending on the type of equipment which

the carrier opera tes. An advanced air freight system , which incorporates an

improved containerized , inter modal container system , and which would

greatly simplif y ground handl i ng and reduce Costs , might have DOCs on the

order of 5c/RTM. Thus , reduc tions in DOC on the order of 0.1 c/RTM to 1.0

c/ATM are significant relative to the overall cost of shipping .
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6.2.3 20 oncar -~ son

The baseline configuration was chosen on the basis of minimum DOC as has been

explained previously. 1 The ATA formula contains provisions for showing the

influence of most factors which influence the cost of acquiring and operating

an air freighter .

Figure 6-6 summarizes the comparison of the Commercial Derivative operated

with different rules and includes the commercial freighter for comparitive

purpos es.

The DOC was determined for the Baseline Commercial Derivative and is shown on

Figure 6—7. The variation in DOC as pay load is exchanged for range , as in

Figure 6-6 , is also shown . Of some interest is the insensitivity of DOC to

operati ’ng -at ranges less than the design points , as contrasted to operating

at ranges greater than the design point. Also shown is a family of de~ign

points passing through the Commercial Derivative Basel ine , illustrating the

impact of design range on DOC. By desi gning to 6,200 nnii rather than to a

more commercially desirable 2,750 nmi , the DOC was increased by about O .Sc/ATM .

The baseline design criteria was for a cabin altitude of 18,000 ft. or 4.5

psi. The impact of imposing a 7.5 psi cabin pressure differential was

examined , in order to examine the sensitivity of DOC to cabin altitude

assumptions and further to provide a-basis of comparison to the commercial

freighter , which was designed for 7.5 psi. As shown on Figure 6-7 , the

decreased cabin altitude increased DOC by about O.25c/ATM or 5 .

1 DOCs which were shown in the design sections were based on slightl y
different ground rules ‘-elative to the DOCs discussed in this section .
These are mo re reoresent ative of an tic ic ated va lue s .
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Figure 6-6 Baseline Commercial Derivative Performance
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Figure 6-7 Commercial Commonality Direct Opera ting Costs
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Al so shown in Figure 6-7, for comparative purposes, are oesign point s f~r the

7~~~ 7F and the commercial frei ghter mentione d earlier. Significant gains can

be achieved by the technology advances included in the commercial freighter

over that of current capability , reducing DOC by more than 20~. A technology

level (1985) comparabl e to that of the lADS Baseline would further reduce the

commercial freighter DOC to a level l ower than the line described as Commercial

Derivative Design points.

In summary , it appears that the projected technology base of 1985 produces

significant gains in DOC over current technology and that a commer cial deriva-

tive of a military transport is not incompati bl e with the needs for a

commercial freighter. However , the long design range requirement imposed as

a design criteria in this study imposes appreciable cost increase over a

desi gn range which is thought to be optimum from a commercial point of view .
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7.0 System Cost and Eva luatio n

• Alternate fuels comparison

• Effect of fuel costs

• Detail baseline life cycle costs

• Technology and advanced
— design impact
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.0.0 S’ST~~ COST A~D ‘.ALUATION

This Section contains a b r i e  evaluation of the more signi icant aspects c tne

study . Tne cost effectiveness of alternate fuels, liquid hydrogen and liquid

methane are compared to that of the JP Baseline and detailed life cycle costs

are presented . The impact of fuel costs on design charac teristics are also

assess ed. Part icular  emphasis is given to evaluat ing the effect veness of

advanced technology and design relative to the 1985 baseline and current tech-

nology .

7.1.0 SYSTEM COSTS

This section presents estimates of development , production , and twent y year

operations and support costs for the JP , li quid hydrogen , and li quid methane

fuel ed designs. Two different estimating techniques have been used to arrive

at LCC costs for the three designs. -

7.1 .1 Approach - 
-

The life cycle costs in this analysis measure in FY 1976 dollars the costs of

adding each of the three designs to the air lift inventory . Costs are peace-

time only. Two sets of LCC are provided which are identified as Class 1 and

Class 2. Rand Cost Models , Reference 15 , were used to estimate the Class 1

airframe and engine costs.  The Class 21 airframe and engine costs were esti- - 

-

mated using Boeing cost models that are significantly more detailed than the

Rand airframe model . Operations and support costs were estimated using the A i r

Force “CACE ” model from AFR 173-10 , Reference 16. Data on the C-l~ l c’-ovided

tne point of departure for the three lADS desians.

1 Class 2 costs are based on a de t ailed cost bu~ ld-jp based on ~tructu ”al
components.
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:ncluced in tne costing methodology are the costs of dev elo p ing, ci-oauc ing, anc

operating each o the three designs. t is assumed that one cevelopmen ta i

airD lan P for each design is procured , with the remainder of the fli ght test

articles to be refurbished as production articles . A 250 airpla ne buy is

assumed for each design , of which 225 are UE and 25 are command support. It is

assumed that attrition would come out of the command support complement.

Utilization rates are taken to be 1 000 hrs/year.

7.1.2 Ground Rules

The lADS program plan is shown on Figure 7-1 with the ground rules on Table 7-I

Single source production is postulated due to the probable size of the program.

Peak rate is 56 per year for the baseline design due to the physic al size of

the airp lane. Development and production are assumed to be noncurrent due to

Air Force review requirements. No cost penalty has been assessed to non-

concurrence since it could be planned as nonconcurrent.

7.2.0 ALTERNATE FUELS COMPARISON

The configuration problem for designs which use liquid cryogenic fuels is

generically different from those which utilize non-cryogenic fuels. Fuel tanks

must not only be insulated to prevent excessive pressures , but must be an

efficient pressure vessel. The double lobe body cross section developed -in

Reference 14 , was selected because of natural geometric synergism between the

body and the cryogenic fuel tank. The configurations for the LH2 an d LCH ,

designs are shown in Fi gures 7— 2 and 7-3 respectively, with cryogenic tan ks

moun ted on top of the double lobe fuselage .
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- 1975 1980 1985 1990 1995 2000

NASA A CEE PROGRAM ,L 1

FLIGHT DEMONSTRATION 1

lADS PkOGRA M

CONCEPT FORMULATION & / 1
TECHNOLOGY DEVELOPMENT

SOURCE SELECTION V

F U L L  SCALE DEVELOPMENT : 
______

~40 MONT HS)
CERTIFICATION 1 -

(58 MONTHS) PEAK ~RATE —56 ’YEAR
PRODUCTION -~~~

—
~~~~~ 7

PROGRAM MILESTONES 
DSARC I ROLL OUT 

7 IOC

V I  V 
-

-1500 FLIGHT TEST HOURS 
‘ DSAR II DSARC III

Figure 7-1. lADS Program Plan

- Table 7-1. Life Cycle Cost Ground Rules

Model Fuel Ro llout No. 1 Certification Peak rate FIiq~it test hours

1044-013 JP 40 months 58 months 56/year 1,500

1044-015 LH2 41 months 59 months 50 yea r 1 ,500

1044-016 j LCH~ 42 months 60 months 42 year 1 ,500
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Figure 7-2. LI-I2 Fueled Airplane

RADIUS/EQU IV RANGE 3600/6200 nmó
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PAYLOA D 400 000 lb
CRUISE SPEED M.80 @ 36 900 ft
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SWEEP , LE .  26° - - __ _-~~~_ - — -
AR 15 ~~~~~~~~~ 

- —--—c- -

ENGINES 6 @ 66.~00 SLST
TECHNO LOGY LEVEL 1985

LCH 4 T A N K S
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11 6’ — ‘
~~~
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- FIgure 7-3 . LCH 4 Fueled A irp lane
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Another characteristic of the cryogenic fueled designs is the absence o~ fue l

from the wing caused by the internal pressure requirement. This produces ar

inefficient wing design because of the absence of the beneficial unloading

effect of wing fuel during flight. As a result , and to show the cryogenic

fuels in the best possible light , the wings were designed utilizing strut

-

‘ 

bracing to provide an advantageous structural arrangement. In other respects ,

the JP and cryogenic configurations are based on the same design practices and

technology . The same engine cycle was utilized for the JP and cryogenic

propulsion system , with appropriate charges being made to specific fuel con-

sumption for their respective heating values. The heating values used were

as specified below:

Heating Value Density

JP4 18 ,400 BTU/lb 50.5 lb/ft 3

LH 2 51 ,570 BTU/lb 4.3 lb/ft 3

LCH 4 21 ,500 BTU/lb 26.5 lb/ft 3

Because of the high heating value and low density , the LH2 design is si- ~n 4fi—

cantly lighter than the other designs as shown in Figure 7-2. Because of

l ower density and a heating value only slightly hi gher than compa rabl e to tna t

of JP , the LCH4 design was appreciably heavier than both the LH2 and JR desic ns .

The comparison between the three designs utilizing JP , LH2 and LCH~ is made on

the basis of LCC in Section 7.3.

7.2 .1 Effect of Fuel Costs

The effec t of varyir; desi :n ranae and fuel costs o’~ LCC arc :oc fo’ tre

fueled det ion is s~own on Ticur e 7— .Z ard T—~ . O;-~ ir~ :inc at tne bas ic ~~e
’
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— OPTIMIZED FOR 40 UIGA LLO F~ I/GAL LON
DESiGN POINT A IRP LA NE DESCRIPTION - — — OPTIMIZED FOR 80 ~/GALL0N //
OPTIMIZED FOR 40 GAL 801 GAL 55

W fS 130 LB/FT 122 LB/FT 
/

BLOCK FUEL LB~ LB EA~~~~~~~ 
~

RANGE (1 .000 NAUTICAl . MILES

Figure 7-4. Sys tem Cost: Effect of Fuel Cost on Life
Cycle Cost

~~. 10 [ DESIGN POINT A IRPLANE DESCRIPTION
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W/S 136 L8/FT2 128 L B/ FT2 801 GALLON

0221 02 14

010 010
10, 10.6

.08 LCC 40~~GAL I 
LB 

::°
~
°° LB

~ LCC (80 (/ GA LI 54 05 54 .40 ~~~~~~~~~~
—

.07 
40 g/GALL O~

— — — — OPTIMIZED FOR 80 ~‘GAL
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- 
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Figure 7- 5. Syste m Cost: Effect of Fue! Cost on DOC
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price of 40c per gallon or at SOc per gallon does not have a s~~;r cart e~~ec:

on LCC . Howeve r , the fule cost increase itself ~iould raise LOC SlC.C bi ll o r .

7 .3.0 DETAILED BASELINE LIFE CYCLE COSTS

Tables 7—2 , 7—3 and 7—4 provide detailed LCC data for the JP fueled , liquid

hydrogen fueled , and l iquid methane fueled designs , respec tivel y. The C l ass 1

data is in Columns 1 and 2 and the Class 2 data is in Column 3. Class 1 data

is differentiated between current technology and 1985 technology .

Table 7- 2. Detailed Life Cycle Cost —JP

Co I me Class 1 LCC Class 1 LCC Class 2 LCCSt e e n current technology- 1985 technology 1985 technology

Development
Airframe $1 ,562.0 $1,718.2 S3,007. 1
Engines 446.5 491. 1 834.2
Avioni cs 100.0 100.0 50.0
Fligiit test airp lane

Ai rframe 323.6 356.0 242.0
Engines 18.6 20.4 6.8
Av ioni cs 2.0 2.0 - 2.0

Fligtit test operations 552 60.7 200.5
Total S2,507.9 S2.748.4 S4 .342.5

Production

Airfram e S13 ,610.4 S14 ,971.5 511 .748,3
Engines 3,104 .7 3,415.1 1 ,709.4
Avioni cs 500.0 500.0 I 5~~~0 I

Total $17,215. 1 $13,886.6 S13 ,957. 4
Support investment -

Initi al spares Si .721.5 Si .888.7 S 1,359.7
AGE , other 860.8 ~~~~ 679.8

Total $2,582.3 $2,833.0 $2 , 039.6
Operations and support I
AGE , spares , mod, $1 ,823.7 Si .823.7 S1 .823.7
Military pay and allow 3 746.8 3, 746.8 3,746.8
Depot mäint 3 ,439 .6 - 

3,439.6 3 439.6
Fuel 9 453 7 9 453 7 9 453 7
Pipeline Suppor t 508.5 508.5 508.5
Other 1 ,997.4 1 , 997.4 1 .9974

Total S20.969.7 - S20 . 969.7 S20 969. 7
Tota l lif e cycle cost $43,275.0 545 ,437. 7 

- 
$41309.2

I
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Table 7-3. Detailed Life Cycle Cost—L H2
Class I LCC Class 1 LCC 

- Class 2 LCCCost element current technology 1985 technology 1985 technology
Development

Ai rf rame $1 694 .8 S1 ,864.2 S3 .644.6
Engines 400.6 440.7 1 060. 1
Avionics 100.0 100.0 50.0
Flight test airplane

Airframe 356.2 391.8 286.0
Engines 15.9 17.5 5.0
Avionics - 2.0 10 2.0

Flig ht test operations 60,2 66.2 227.4
Total $2 ,629.7 S2 ,B82.4 $5,275.2

Product ion
Airframe S14,965.-2 S16 .461.7 S13 ,354.0
Engines 2,655.8 2,921.3 1 ,265.5
Avionics 500.0 

- 
500.0 500.0

Total $18, 121.0 $19,883.0 $15,119.5
Support inv est ment 

I
Initi al spares $1 .511 ,9
AGE , other 

_____________________  ____________________

Tota l T 52 718.1 S2,982.5 $2,267.9
Operations and su pport

AGE , spares. mods $1,897.0 $1,897.0 Si .897 .0
Milita ry pay and allow 3,880,2 3,880.2 3,880.2
Depot maintena ncs 3,039.0 3,039.0 3,039.0
Fuel 30,069,9 30,069.9 30,069.9
Pipeline support 522.0 522.0 522.0
Other 2,010.0 2,010.0 2 ,010.0

L Total $41,418.1 541,418.1 541,418.1
Tot al Ii$e cycle cost 564,886.9 $67,166.0 S64 .080.7

Table 7.4. Detailed Life Cycle Cost—LCH 4
Co l Class 1 LCC Class 1 LCC Class 2 LCC

St C ement current technology 1985 technology 1985 Sechno log ’,
Developmen t

A i rframe S2.041.2 S2 .245.3 S4 173 .9
Engines 401.9 442.2 1 042.8
Avion ics 100. 0 100.0 50.0
Fligh t test airplane

Airframe 449.8 494 .7 33 1 1
Engines 22.7 24,9 9 4
Avionics 2.0 2.0 2.0

Flight test operations 74 .0 81.4 264.4
Total S3,091.6 $3,390.5 $5 ,873.7

Production
Airframe S18 ,802,5 S20, 682 8 S16 . 388.9
Engines 3,788.1 4 , 166.9 2 . 372 3
Avionics 500.0 500.0 500.0

Total S23 ,090.6 $25,349.7 S19,261.2
Suppor t investment

Initial spares S2,309.07 52,534.9 Si .926- 1
A GE Other 1 , 154.53 1,267.5 963 0

Total $3 ,463.6 $3,802.4 - 2 . 889 1
Operat ions and support

AGE. spares . mods S2 ,299.0 $2,299.0 52 ,299.0
Military pay and allow 4 101.0 4 , 101.0 - 4 . 101 0
Depot maintenanc e 3917.7 3,917.7 3 . 9 17 7
Fuel 16 .091 4 16,09 1. 4 1609 1 4
Pipel ine sup port 5445 544.5 544 5
Qther - 

2 165.2 2 165.2 - 2 165 2
- 

TO t S I  S29 11 81 S29 . 118.8 S29. 11 88
Tot ai I I I C  cy C l e cOtt I S58 764 5 I $61 661 4 I S57 . 14 2.8
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Develoornen : cos:s are non -recur’rin; except for the fiign t test airplan e ai r~ rame .

enaines ’and avionics costs vihicn a”e recurring. Production air~rane , encine

and avionics costs are recurring. Support investment costs are also non-

recurring.

Operations and support costs are held constant for each design across all three

LCC estimates . Modification costs would probably vary as the production cost

varies , however , the impact is not thought to be significan t.

The Class 1 and Class 2 LCC estimates vary significantly within development and

production . In the case of airframe costs this is due to the artifi cial method

used to separate development from production costs for the Class 1 estimate.

In the absence of separate development cost equations for engineering and

tooling, the total cost versus airplane quantity curve at quantity 1 was taken

as development cost.

Engine development and production costs vary signifi cantly beween Class 1 and

Class 2 methods. Here the Rand Model has separate equation s for development

and production as does the Class 2 method . The differences must be treated as

a range of estimates with the hi gh~r values being most probable.

Avionics are treated the same for all estimates for all designs with the excep-

tion that development is 550 M l ower for the Class 2 estimates. The ac tual

development cost would probably fall in the range of S50 ,.1 to SlOO “1 .

Support investment costs are assumed to be 10 - o~ production cost for in iti a l

sDa res and 5; ~or ~GE and other costs. This re elects current exoerience.
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Operation s and support costs are based on the C— 141 data contained ‘n AF P

1 73 — 10. In estima ting the ADS designs LCC the impact of increased size was

one of the primary considerations. The other was particular fuel burn o~ the

design being considered . The fuel costs provide d in the work statement were

used .

The results shown in Tables 7-2, 7-3, and 7-4 are shown graphicall y in Figure

7-6. The overwhelming factor of fuel costs , w h i c h  are substantially hi gher

for the cryogenic designs than for those of the UP design , indicates that

based on-the ground rules imposed by this study , cryogenics are substantially

less cost effective than are JP based fuels. This concl usion can of course be

- challenged by the onset of future events which might well change the fuel costs in

in favor of cryogenics.

PAYLOAD 400,000 lb
RANGE 6,200 nmi FUEL PRICE INCREASE

- 

100% 50%
100 97.3

- 
2O YEAR LIFE / / 67.2
CYCLE COST 

/ 

‘a>,’ 
— 

I 6 17 I

50 ~~~~~~~~~~ 
F U E L

OPERAT t ONS
“ AND

SUPPORT
¶ - : ~:-~

PRODUCTION

0 _________ DEVELOPMENT
JP LH 2 - 

LCH 4

AIRPLANE FUEL TYPE

Figure 7-6. To tal 20 Year L,fe Cycle Costs — Comparison of Alternate Fuels
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The Inn olja:ive ~ircraft Design Stud y (lADS) had as its objectives tne i-oenti-

ficat ion of the most cost effective logistics aircraft configuration s . and the

iden tification of high leverage technologies. This subtask o~
’ Task 1 , Desicr

Studies , was less concerned about evaluation than it was about desion. Hcwever ,

some thought about the cost effectiveness of advanced design and techno logy .~ias

in order.

7.4.1 Gross Weight

In additio n to considering the impact of advanced design and technology on the

baseline , consideration was given to the effect some of the advanced techno locies ,

such as composite primary structure , migh .t have on the mission performance and

effectiveness. Parametric studies had previousl y shown that for  long range

designs , high aspect ratio wings had definite benefits if they could be designed

so as not to be too heavy . It was also shown that the take-off field length

was generally providing the design criterion for thrust , and that the cruise

— 
thrust requirements were approximately 25~ l ower , making the use of a boos ted

takeoff attractive.

The combination of these design features , all of which appeared attractive ,

seemed to be a natural path to follow in the evaluation of advanced desi gn and

technology .
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Figure 7-7 shows the design variation of range and gross we ight fOl- tne b as el ine

con figurati on , labeled minimum DOC . Also shown for comparison tne oe~ icrI to

minimize fuel usage. Reductions in gross weight are shown which can be achie ’.’ec

by sequentially including in the desi gn: (1) strut braced wings (AR = l5~ , (2)

Composite wing and empennage , (3) boost engines. Reductions in gross weight of

200,000 to 300 ,000 poun ds can be achieved by application of those advanced

designs and technologies.

STRUT B R A C E D—~ 
,M IN D O C

WING + MIN FUEL8 - BOOST ENGINES ,‘ /

7 

- 

I~~~ 

i,.~—STRUT BRACED

(L000 nrni) 
6 -

‘~~- /-
~— STRUT BRACE 3 W ING 

-

— 

,
/ / STRUT BRA CED-~~COMPOS)7E

/ /
/ • 400,000 lb PAYLOAD

/ ,‘ ‘3 ,600/6.200 RADIUS/RANGE
‘ I .1985TECHNOLO GY

/ / • TURBOFAN BOOST ENGINES
3. /

/

2~~, 
1.

1
0 1.2 1.4 1.6 1.8 2.0

TOGW (10 6 Ib)

Figure 7-7 Innovative Designs.’ Baseline Configurations
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.- .2 Life Cycle Cost

Tnese reauctions in gross weight can be related to reductions in life cycle

costs as shown in Figure 7—8. The improvemen t in cost effectiveness is shown

by reduct ions in cost since the payload range and Mach number are held constant.

The current technology description is representative of current wide body

designs wi th current generation of high bypass ratio engines . Various design

improvements are added sequentially providing a group of low risk design improve-

men ts , including the baseline airplane. A reduction of more than 10 billion

dollars might be achieved by a design incorporation of thi s sort over a new

design which is based on current desi gn practices. However , almost 3/4 of that

increase in cost effectiveness would be achieved by the 1985 baseline alone.

• PAYL0A ~ 400.000 LB
C MANGE 6200 NM1

.~-~TECHNOLOGV COST ir ipAcT
N., 

— LCC OPI’iMiZEO
1.72
— 1.67

r i  - - - —10GW
/
/ MiLLiON LB

I 44 
‘

~~
‘ ., 

- (TY PiCAL )

I P

’ 

n

- 

- 

~~~~~~
.- I -— - I

H H I _

~~~ _ :,- ~~a ~~~ ~ ~
; _  

~~~~~

LO W MISK OEv ELOPMENI s t9eS oev g~~~~
j
~ s ’ 9 g s

- - Figure 7-8. Advanced Design and Technology — Impact on
Life Cycle Costs
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The nigh risk developments, on the otner hand , incorporated comp osite wing arc

empennage technology to achieve further benefits. Howe ver , increases in cost

due to the increased complexity and general increased cost o~ technolog y must

be considere d which are included in the crosshatched areas.

Substantial uncertainty existed about how to evaluate the cost of technology .

The cost of the composite technology was assessed to be 20; to 30; higher than

that of the 1985 baseline. Although manufacturing labor was substantially

reduced from that of conventional skin/stringer aluminum construction , the high

cost of graphite composite material outwe i~hed the labor reduction for a net

increase. The net benefit due to the use of the composite appears to be marginal

based on the ground rules used in this study , which were: (1) 25~. we i ght

reduction in primary structure , (2) l5~ reduction in secondary structure. (3)

no composite in fuselage , and (4) S38/lb cost of composite material installed ,

based on S2O/lb raw material

However , life cycle cost , as has been pointed out , is a poor way to evaluate

operational characteristics and performance of a militar y transport because

of low utilization rates . -

I
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F ,~~ 3 Fuel  E f~iciencj

Bette r fi gu res of merit tnar LCC may be fuel e~ fi c i~~ cy an o  YJO . Fi cure 7-9

snows the impact o the oreviousl y aiscusse d design innovations on the ton

miles , lb fuel relative to current wide body desi gn an d technology . As has been

shown in other studies , laminar flow con trol has great potential as does , to a

lesser degree , the pro p fan . However , l ower ris k desi gn innovation , w hen

properly combined , may provide a factor of 2.0 in fuel efficiency over current

designs.

C, ~~
r Z u.j2.5

~~

-~

~ z
2.0~~-

- 

1.5 L 1985 L EVEL 
- ~~~~~~~~ _______ _______________

R E LATIV E TON-MI - -

LB F U E L  I I ~

CURRENT LEVEL I
1.0 1___

~ F

_  b
“JRP ENT 1985 1995 1985
COMME RCIAL ADVANCED TECHNOL OGY INNOVATIVE
Wi DE-BODY DESIG” ~ PAYOFFS DESIGN PAYOFFS

• NIGH RISK LOW RISK

Figure 7-9. Advanced Design and Technology — Impact on
Fuel Efficiency
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In a similar vein , Fi gure 7—1 0 illus t rates the ~moac: of tnose cre’~iou sl- i

discussed technologies on DOC. Reductions from the baseline comni eri cal cen i ’.-a-

tive of more than a . 5 c / A T M  appear possible. 1

— .~ ,,I .~~~~ . — -

Also shown in Figure 7—10 is the DOC of the Baseline Design , but with the

circular cross-section body . It appears clear that if commercial commonality

is a significant factor in the viability of a new transport program , ser ious

consi deration should be given to the compromises which must be made to the

military - requirement in favor of a more efficient fuselage structure as illust-

rated on Figure 7-10.
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Figure 7 10. Advanced Design and Technology — Impact on DOC
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8.0 Summary -
Conclusions and Recommendations

1. Advanced technol ogy and design does pay

• Fuel efficiency

• Life cycle cost

. DOC

2. No design problems were found as a result of valid at io n

• Flutte r .

• Landing gear

3. Commercial derivat ive appears compat ible

4. Cryogenics are not cost effective

• Fuel cost
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S.0.0 CONCLUSIONS AND RECO MM E ~~~ DA i0N S

The objective of this subtask of the lADS study was to examine  t he des i gn

problems associated with the definition of a new generation of strateg ic

problems associated with the definition of a new generation of strategic

transports and to identify those technologies which mi ght have the most

si gnificant impact on system cost effectiveness. It was also desired to give

consideration to the use of such a design to alternate missions such as

Strategic Ballistic Missile Launch , Tactical and Command Control and Communica-

tion. Of partic ular interest was the application of the design to commercial

use as a freighter.

8.1.0 ADVANCED TECHNOLOGY AND DESIGN

The 1985 technology base shows definite potential as a means of enhancing the

cost effectiveness of a strategic transport~ Most of the gains arise in

small contributions from the various techno 1~ gies but result in approximately

l7~ improvement in range factor and a lO 1~ improvement in structural weight.

These gains can produce a 5O~ increase in fuel efficiency and a l5~. reduction

in gross weight for airplanes of the size under consideration.

Advanced technology and design can increase those gains to lOO T~ improvement

in fuel efficiency and 3O~ decrease in gross weight.

A commercial derivative could expect DOC reductions from current wide body

technology on the order of 3O~.
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The baseline selected was a conventional confi guration and ~as selec ted to

provide a well understood confi gurati on upon wnich to extra oolate to ni çh

gross weight designs. A process of desi gn validation w n i ch involved a more

detailed examination of areas thought to be critical in nature: fuselage

cross section , landing gear , and wing design , revealed no problems which would

preclude consideration of a des ign wh i ch coul d perform the basel i ne mission of

carrying a 400,000 pound payload on a 3,600 nmi radius mission .

8.3.0 COMMERCIAL DER IVATIVES

The conf iguration was selected to provide the same outs i ze capability as the

C—.SA and inc l uded such criteria as drive —throu gh capability and m inimu m floor

height. Those criteria have some penalties associated with them in terms of

fronta l area and fuselage wei ght. The design range of 6,200 mi , equivalent

to the radius mission , im poses a significant penalty in terms of an increase

in DOC of about 10% when compared to a nominal commercial design range of

about 2,750 nmi .

Remova l of equipment generic to the military mission which is easil y rem. ovacle

amounts to about 10% in operational weight and might provide an attractive

commercial derivative when coupled with the advantages of Government sponsored

program. -

1 2 0
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I
8.4.0 Cryogenics Fuels

The fuel costs associated with cryogenic fue ls ariv e the life cycle costs o~

the cryogenic designs. However , the future scarcity of JP types of fuels may

make them attractive in the future.

8.5.0 Al ternate Milita ry Missions

Attractive capabilities exist in the use of a long range logi stics transport

for other missions. The large amounts of fuel , heavy payloads and large

cargo volumes provide for great fl exibility in the design of numerous military

missions in addition to the logistics missio n .

8.6.0 Recommendat ions

In order for the identified technologies to be developed in such a way that

they are availabl e for incorporation into an advanced milit ary transport, a

coherent development program is needed . This program should be integrated

with the NASA ACEE program , but should provide the capability to integrate

those technologies into a technology base which provides a solid foundation

for the next milita ry transport developmen t effort.

Further work is needed to identif y in greater detail the cost of the tech-

nology , including the manufacturing costs , in order to more clearly identif y

the cost effectiveness of such advanced technologies as advanced composite

structure , prop fans and LFC .
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I
The commercial market may w e l be more receptiv e to a design of sm& i er

pay load capabi lity with a desi gn range shorter than that selected ~or this

study . Desi gn studies should be instituted which examine the mi litarj and

commercial attractiveness of a smaller class of desi gns focused on payloads

of the 100,000 pound class.

The subject of commercial commonality is one of great complexity and requires

additional effort. In particular the impact of assumptions concerning the

modifications required to make a comm ercial derivative , and the significance

of those assumptions to military system effectiveness is needed.

Recommendations

1. Integrate d NASA/USAF techn ology prog ram
• Technology demonstration
• Technology costs

2. Consider smaller designs
I Commercial mar ket

3. Continue indept h examinatio n of commercial
coni iiio iial it y
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